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Foreword

A salmon or sea-trout’s river passage to spawning gravels is often restricted by the structures and practices associated with
water resource management for water supply and flood prevention: the attitudes of the biologist and the water engineer to
river management are consequently somewhat different.

This report explains in simple terms how the fish and water control requirements can be reconciled and proposes design
criteria to enable fish to negotiate structures such as sluice gates, weirs and fish passes. It also explains the Ministry’s legal
position with regard to obstructions in migratory fish rivers and gives examples of the procedures necessary to obtain
Approval for satisfactory structures. The information on fish swimming speeds and endurance and the relation of these
parameters to water control structures and fish passes is essential to the effective management of migratory fish in our rivers.

isheries Research




Frontispiece. A salmon on its way upstream leaps 3.65 m to clear the Orrin Falls in Ross-shire. However, the
launch velocity of 8.46 m s™ necessary to achieve this feat should certainly not be expected
from every salmon! The brief but intense exertion here demands the equivalent of twice the
fish’s predicted ‘burst speed’ swimming maintained for a period of at least one minute. (Photo.

Mills, 1971.)




CONTENTS

Foreword

Frontispiece

1

Introduction

Fish swimming capabilities

Flow control structures

3.1 Flood relief channels
3.2  Sluices

Flow measurement structures
4.1  Crump weir

4.2  Flat-V weir
4.3 Other gauging weirs

Fish passes

5.1 ‘Pool and traverse’ fish pass

5.2 Denil fish pass

Approval of fish pass design

6.1 Example of ‘pool and traverse’ pass
6.2 Example of a Denil fish pass

Automatic fish-counters

Conclusions

References

Appendices

1 Salmon & Freshwater Fisheries Act 1975, Chapter 51, Part 11, Sections 9-18
2 Derivation of maximum swimming speeds for fish of different lengths

3 Derivation of endurance times for fish of different lengths

Page

10

10
10

16

19
19

19
21
28
28
35
38

39

40

42
45

46



1. Introduction

Many of our rivers hold stocks of salmon (Salmo salar L.)
and sea trout (Sal/mo trutta L.) and during most of the year
some of the adult fish migrate upstream to the head waters
where, with the advent of winter, they will eventually
spawn. For a variety of reasons, including the generation of
power for milling, improving navigation and measuring
water flow, man has put obstacles in the way of migratory
fish which have added to those already provided by nature
in the shape of rapids and waterfalls. While both salmon
and sea trout, particularly the former, are capable of spec-
tacular leaps (see frontispiece) the movement of fish over
man-made and natural obstacles can be helped, or even
made possible, by the judicious use of fish passes. These are
designed to give the fish an easier route over or round an
obstacle by allowing it to overcome the water head
difference in a series of stages (‘pool and traverse’ fish pass)
or by reducing the water velocity in a sloping channel
(Denil fish pass).

Salmon and sea trout make their spawning runs at different
flow conditions, salmon preferring much higher water flows
than sea trout. Hence the design of fish passes requires an
understanding of the swimming ability of fish (speed and
endurance) and the effect of water temperature on this
ability. Also the unique features of each site must be appre-
ciated to enable the pass to be positioned so that its entrance
is readily located.

As well as salmon and sea trout, rivers often have stocks of
coarse fish and eels. Coarse fish migrations are generally
local in character and although some obstructions such as
weirs may allow downstream passages only, they do not
cause a significant problem. Eels, like salmon and sea trout,
travel both up and down river during the course of their life
histories. However, the climbing power of elvers is legendary
and it is not normally necessary to offer them help, while
adult silver eels migrate at times of high water flow when
downstream movement is comparatively easy: for these
reasons neither coarse fish nor eels are considered further.

The provision of fish passes is, in many instances, manda-
tory under the Salmon and Freshwater Fisheries Act 1975
(Great Britain Parliament, 1975; see Appendix I). This
report is intended for those involved in the planning, siting,
construction and operation of fish passes and is written to
clarify the hydraulic problems for the biologist and the
biological problems for the engineer. It is also intended to
explain the criteria by which the design of an individual
pass is assessed for Ministerial Approval.

2. Fish swimming capabilities
A major factor in the design of a fish pass is the swimming

ability of the migratory fish in terms of speed and endur-
ance. Fish swimming speed is often expressed in terms of

body lengths per second (BL s™'), but the more fundamen-
tal unit of metres per second (m s') will be used in this
report since this enables a direct comparison to be made
with the speed of water flow. Fish swimming speeds are
frequently described as being within a range of either
‘cruising’ speeds or *burst’ speeds and are attributed to the
use of two different types of swimming muscle (Hudson,
1973; Webb, 1975; Wardle and Videler, 1980), The lower
‘cruising’ speeds, which can be maintained for long periods
(>24 h), employ the dark or red muscle — perhaps better
termed aerobic muscle — which contracts only when oxy-
gen is available to the cells at a rate at least equal to that at
which it is used. Any restriction in the oxygen supply limits
performance. The faster ‘burst’ speeds employ white or
anaerobic muscle which can contract rapidly and powerfully
in the absence of oxygen and becomes exhausted only
when all the glycogen stored in the white muscle cells is
converted to lactic acid. Rebuilding of the glycogen store
uses oxygen and can take relatively long periods (up to 24 h)
if completely depleted (Wardle, 1978; Batty and Wardle,
1979).

A fish propels itself through the water using waves of con-
traction of the lateral muscle. Wardle (1975) contends that
the limit to its forward velocity is set by the time it takes
for a piece of muscle to shorten. Isolated muscle fibres
when stimulated by a single electrical impulse take a
characteristic time to shorten, so by measuring the contrac-
tion time of the isolated white swimming muscle the maxi-
mum swimming velocity can be predicted.

High-speed swimming is always associated with short
endurance. In active fishing methods such as those using
trawl and seine nets, all sizes of fish can be observed keeping
station with the moving net (Hemmings, 1973). Small fish
swimming near the net are seen to be moving with very
rapid tail beats whereas large fish, moving at the same
speed, are making slow tail sweeps. The small fish are
moving close to their maximum speed and swim for only a
short period before they drop back, but the larger fish can
swim for long periods and have scope for much greater
speed; therefore towing speed and duration of tow can
affect the size range of fish caught. Recent findings have
shown that maximum swimming speeds of most fish
species are similar for fish of the same length and are sur-
prisingly high. A 0.195 m rainbow trout (Salmo gairdneri,
Richardson) can achieve a maximum velocity of 1.58 m s~
and a maximum acceleration rate of 32.6 m s (Webb,
1978). Such high burst speeds and fast start abilities are
essential if migratory fish are to swim up or leap difficult
waterfalls.

It is now well established that the swimming speed of a fish
through the water is closely related to its tail beat frequency
and that the distance moved during each body wave (stride
length) is about 0.7 of the fish length. Wardle (1975) gives a
general formula which relates the maximum swimming



speed to the stride length;
U=0.7L/2t

where U is the maximum swimming speed, L the length of
the fish and ¢ the muscle twitch contraction time.

The twitch contraction time of the lateral swimming
muscle is short for small fish and increases with fish size.
Muscle contraction time is also sensitive to temperature:
cold muscle contracts slowly and warm muscle contracts
more rapidly as a result of the temperature dependence of
the underlying biochemical and physiological processes
(Wardle, 1980).

Maximum swimming speed is thus affected by both the
length of the fish and the water temperature and it is
possible to predict their effects (Figure 1) using an empiri-
cal formula (Appendix II) derived by Zhou (1982) from
276 measurements of muscle contraction time (Wardle,
1975). These measurements covered a temperature range of
2°C to 18°C and six species with a size range of 0.05 m to
0.80 m. Water temperature has a considerable effect on the
maximum swimming speed, e.g., a 0.90 m salmon (7.8 kg)
has a predicted maximum speed of only 2.5 m s™! at 2°C
but this increases to 9.6 m s™' at 25°C.

Endurance is similarly determined by both body length and
temperature and is governed by the amount of glycogen
stored in the white muscle. This reserve is used once the
fish exceeds its cruising speed and the rate of depletion
depends on temperature. The endurance of a fish swimming
at its maximum speed is predicted using another empirical
formula (Appendix III) which examines performance in
relation to a finite energy store (Zhou, 1982). Figure 2
relates endurance at maximum speed to fish length for a
series of specific temperatures. The maximum speed equiva-
lent to a particular endurance time in Figure 2 can be
derived from Figure 1 using the length of the fish and the
curve for the appropriate temperature.

Figure 2 shows that, for a given length of fish, an increase
in temperature results in a dramatic reduction in endurance,
and for a given temperature, an increase in fish length
results in a large increase in endurance. The reduction in
endurance at the higher temperatures results from the
increased maximum swimming speeds and the consequent
faster depletion in glycogen reserves, while the dramatic
increase in endurance at a given temperature is simply a
result of the larger fish having a greater glycogen store.
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Figure 1  Maximum swimming speeds against fish length over a temperature range

of 2°C to 25°C (see Appendix 2).
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Endurance at maximum swimming speeds of various lengths of fish over
a temperature range of 2°C to 25°C (see Appendix 3).

The swimming durations shown in Figure 2 should be taken
as the absolute maxima to incur complete exhaustion, but
unless a fish is being driven very hard, e.g. when played on a
fishing line, it is unlikely to deplete its energy store com-
pletely. However, the spawning drive of a migratory fish to
overcome difficult obstacles must make severe demands on
its energy reserves and may well use some of its store of
anaerobic glycogen.

River temperatures in the UK can range from 0°C to about
25°C. Table 1 shows the temperature range of five rivers at
times of year significant to migratory fish movement (Water
Resources Board and Scottish Development Department,
1974). Fish returning to their home river in June/July will
encounter the highest temperatures and will thus be capable
of achieving the high swimming speeds necessary to sur-
mount many of the more difficult obstructions. Later
migrants, returning in October, will be faced with lower
temperatures and the earlier spring fish will encounter the
lowest temperatures and thus have a much reduced maximum
speed. It must be stressed that all burst speeds and endur-
ance predictions are considered to be the maximum attain-
able with the fish in peak physical condition. Fish in poorer
condition through injury, disease or being gravid would
naturally have a reduced swimming capability.

Table 1. River temperatures at three seasons of the year
(1970) significant to migratory fish movements.
1970 records are representative of continuous
longer records, 4 to 11 years. (From Water Resour-
ces Board and Scottish Development Department,

1974.)
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Although high water velocities can prove difficult or even
impossible for fish to overcome, they are considered to be a
major factor for instigating the upstream movement of
salmonids. Migrations are often initiated by freshets: the
noise and turbulence associated with the increase of water
velocity from freshets are thought to be the factors that
enable a fish to find the main upstream route through a river
system (Arnold, 1974), just as the current issuing from a
river into the sea is thought to be an important guide to fish
locating the river mouth (Mottley, 1933; Huntsman, 1934).
The noise and turbulence of high velocity water below an
obstruction can result in the standing wave or hydraulic
jump (see section 4.1) that provides the ‘lead’ for fish and
may stimulate them to move forward in readiness to leap
over the obstacle (Stuart, 1962). However, the downstream
approach to a structure should always be designed such that
fish are encouraged to swim rather than to leap. An unsuc-
cessful leap may not only be damaging but, whilst the fish
is in the air, it may also attract the attention of potential
enemies such as poachers.

3. Flow control structures

Structures are built in rivers to control or measure water
flow, enabling the effects of spate or drought conditions to
be mitigated and providing a head of water for milling or
electricity generation. Where water flow velocity through,
or over, a structure exceeds the ‘burst’ speed capacity of a
fish it constitutes a barrier to fish ascent. Since the endur-
ance of a fish at the ‘burst’ speed is very limited, it is crucial
that the approach to the structure should be as easy as
possible with adequate ‘take-off’ depth. High-speed flows
of shallow water over long concrete aprons do not provide
adequate access to the position where ‘burst’ speed has to
be employed. The approach to a structure can also be made
very difficult by a reduction in downstream water level
caused by channel dredging or by scouring due to high flow
rates and insufficient bed protection. Hence, when designing
a flow-control structure likely to be an obstruction to
migratory fish passage, it is important that the downstream
water conditions be prescribed and recorded so that they
can be maintained. A reduction in downstream water level
can be very gradual and may only become evident when the
number of fish in the river above the structure has been
severely reduced, or when fish are observed being unsuccess-
ful in their attempts to negotiate the obstruction. The
presence of damaged fish in the river may also be an indica-
tion that an originally passable structure has become
troublesome to fish.

3.1 Flood relief channels

These large channels, cut to provide an overflow route for a
river in spate conditions, are a danger in that migrating fish
attracted by the high flows — which may occur as infre-
quently as once in 10 years — may be stranded as the water
subsides. A relief channel should be designed so that it can
drain progressively as the flow reduces and afford fish an

escape route. Usually the channel offers no route up the
river since the velocities are very high and the flow control
weir at its head is a total block to upstream migrants. Sec-
tion 14 of the Salmon and Freshwater Fisheries Act 1975
(Great Britain Parliament, 1975) (Appendix 1) requires the
provision of gratings across the exit of any channel that is
likely to attract fish and then strand them.

3.2 Sluices

These are used to regulate water flow, are in a variety of
shapes and are usually constructed from wood and/or
metal. The majority are manually controlled but an increa-
sing number are being automated, using water-level sensors
and electric motors. There are three broad categories of
sluice, namely undershot, overspill and radial.

The undershot type (Figures 3 and 4), as the name implies,
effects its control by regulating the water flow under the
sluice gate. The flow is approximately equal to the mean
water velocity multiplied by the area of sluice gate open.
The mean water velocity is equal to about [2 gh]®®, where
g is the acceleration due to gravity (9.81 m s™%) and & the
walter head difference across the sluice. This is an approxi-
mation, because the velocity head (due to the velocity of
approach to the sluice), coefficients of discharge and con-
traction, and frictional roughness effects are ignored; how-
ever, it is sufficient for fishery purposes. The shape of the
open sluice aperture is relevant to fish passage: it is better
to have the sluice gate either fully closed or well open than
to have a narrow opening which provides a few centimetres
of high velocity, squirting, ‘leading’ flow through which a
fish cannot pass but may exhaust itself in trying. For fish
passage the minimum aperture should be 0.30 m x 0.30 m
with a water velocity not greater than about 3 ms™. As
shown in Figures 1 and 2, such a ‘burst’ speed could be
achieved by a 0.27 m fish at 15°C and maintained for 7 s, a
0.41 m fish at 10°C for 42 s, or a 0,76 m fish at 5°C for
about 20 min. The velocity of 3 m s~ would result from a
head difference of 0.45 m and produce a flow through the
0.30 m square aperture of approximately 027 m® s
(5.13 Mgal d™').* Large automatic metal sluice gates often
comprise a single massive gate allowing low flow control by
providing an opening of a few centimetres only; this results
in a noisy, squirting flow that is very attractive but, of
course, completely impassable to migratory fish (Figure 5).
To facilitate fish passage through an undershot sluice it is
better to regulate flow by a number of adjacent sluices
(Figure 6) only one of which need be open rather than by
one large gate. Sluices should be designed to spill into a
deeper area (stilling basin) with the sluice sill extended
downstream so as to slope into this deeper area. There
should be no base block in the sluice aperture and dis-
charge should not be directed onto a raised concrete block.

*A water flow of 1 cubic metre per second (m? s*') is
equivalent to about 19 million gallons per day (Mgal d-*)
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Figure 5 Undershot sluices with water flow controlled by four small gates. This enables a low discharge to be
achieved using one gate only whilst still providing sufficient room for an ascending fish to pass
under the gate.

Steel gate

Figure 6  Undershot sluice with water flow controlled by one massive steel gate (often automated). A low dis-
charge is achieved by providing a very small opening that is attractive to fish but completely impass-
able.
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An overspill sluice (Figures 7 and 8) regulates the water
head over the sluice gate. Here again, for the successful
passage of fish an adequate ‘take-off’ depth of not less
than 1 m on the downstream side should be ensured. This
can be provided either by a maintained downstream water
~level or by a deeper pool immediately below the sluice; the
sluice should never spill onto a raised concrete apron. In
any overspill situation (sluice, traverse or weir) a curved or
graded downstream edge should be provided (Figure 8),
not a sharply truncated edge (Figure 7). This enables the
overflowing sheet of water to adhere closely to the weir
edge (adherent nappe), rather than to form a separate jet,
and often gives fish the facility to swim over the obstruc-
tion. As in the ‘undershot’ sluice, the depth of water must
be sufficient to accommodate the fish. It is better to effect
water control with a number of narrow sluices with ade-
quate water depth over each than to use one very wide gate
with a few centimetres depth over it. The maximum recom-
mended head is calculated in the same way as for the under-
shot type: a head difference of 0.45 m would produce a
maximum velocity of about 3 m s™ ; the same minimum
aperture is necessary (width 0.30 m) and would permit a
flow of about 0.09 m® s™*,

Radial sluice gates (Figure 9) are usually quite impassable,
particularly when sited on a stepped base. The only situa-
tion in which a radial gate is passable is under flood condi-
tions when the approach on the downstream side is deep,
the steps are drowned and the gate is lifted high.

=

Hydraulic
jump

4. Flow measurement structures

These structures take many forms but usually attempt to
relate the water head over the structure to the total river
flow. Good hydraulic conditions are essential for accurate
measurement, and the study of the necessary conditions
and errors in measurement of flow is now sufficiently
extensive to constitute an established science in its own
right.

The structure is designed such that the flow conditions —
the water velocity and depth — in the channel upstream of
the structure are governed by the geometry of the structure
and the approach channel, and by the physical properties of
the water. Measurement structures are not affected by the
conditions of flow downstream from the structure or by
the roughness and geometry of the channel well upstream.
For a well-designed structure there is a unique head: dis-
charge relationship and critical flow conditions occur, The
term ‘critical flow’ is used here in a general sense, meaning
that for a given discharge the depth is such that the ‘total
head’ is a minimum, or alternatively, for a given ‘total head’
the depth is such that the discharge is a maximum. The
‘total head’, which is measured in metres of water, is the
total energy of the flow per unit weight of water. It is the
sum of the potential head, the pressure head, and the velo-
city head and is calculated using the Bernoulli energy
equation. The crest of the structure is generally taken as
datum.

Upstream
water level

Stepped base

Figure 9

Radial sluice gate on a stepped base;

this is impassable to fish in all conditions except

very high flows when the gate lifted clear of the water.



Turbulent or skew approach flows are not conducive to
accurate flow measurement since the purpose of the struc-
ture is to enable the head: discharge relationship to be
described algebraically. However, even with the most regu-
lar of channels, streamlines are often curved in the region of
the crest of the structure and the pressure distribution with-
in the flow is not known. The coefficients of discharge of
most types of structures are therefore derived empirically
under rigorously controlled laboratory conditions.
Numerous attempts have been made to derive a standard
equation for full width weirs and recent tests by White
(1975) at the Hydraulics Research Station (HRS), England
yielded the following equation:

0 =0564 [1+0.150h /P] bg™ [n+0.001]"°,..(2)
where, Q = discharge (m? s™!),

h = upstream gauged head (m),

P = crest height of weir above upstream mean bed level (m).

b = crest width (m),

g = acceleration due to gravity (m s2),

This equation fitted the Hydraulics Research Station data
with a tolerance of + 0,7% at the 95% confidence level, The
limits of application set by the range of data are h > 0.02 m,
P> 0.15 m, and h/P < 2.2, but accuracy diminishes when
h<0.075morh/P>128.

The above introduction to metering weirs is superficial but
is intended to stress the stringent conditions necessary to
gauge water flow accurately. It will be appreciated that
these precise engineering requirements are usually contrary
to the natural requirements for fish passage. Fish prefer
irregular channels with deep pools for cover and not
straight trapezoidal concrete channels with sharp crested
weirs having abruptly truncated downstream surfaces.
However, since flow control and measurement are neces-
sary and many weirs already exist, a compromise must be
reached so that fish can swim over gauging structures,

The accurate gauging of a wide range of flows involves two
conflicting requirements: high flows demand a large crest-
breadth if head loss (afflux) is not to be excessive, whereas
low flows demand a small crest-breadth in order that the
sensitivity of the gauging structure does not fall below an
acceptable figure. One solution to this problem is the
compound weir in which low discharges are measured by
containing the flow within a comparatively narrow crest
section and high discharges are measured with a much wider
crest section at a higher level. The low-level crest (which is
usually separated from an adjacent higher-level crest by a
pier) can be designed to afford fish easy passage at low
flows. The 1:2, 1:5 profile weir (Figure 10) designed by

Figure 10 A Crump (1952) flow -gauging weir with upstream and downstream slopes of 1:2 and 1:5 respectively.



Crump (1952) is a popular gauging weir which is often
compounded whereas the flat-V weir (Figure 11), with
careful selection of crest breadth and cross-slope, can
provide sensitivity at low flows without the need for
dividing piers and also minimise head loss during flood
conditions.

4.1 Crump weir

A Crump weir is a two-dimensional, triangular profile
weir providing both an upstream measurement of hydro-
static head and a crest tapping for pressure measurement,
By this method of double gauging and the choice of a tri-
angular profile weir Crump showed, in tests carried out at
HRS, that reliable flow measurement was possible with
small afflux at high discharges. A diagram of a compounded
Crump weir is shown at Figure 12 and a photograph of the
Manley Hall compound Crump weir on the River Dee,
illustrating the different elevation crests separated by
dividing piers, is shown in Figure 13. A comprehensive
treatment of the design of Crump weirs is given by Herschy
et al. (1977) and sufficient detail will be given here to allow
an appreciation of the hydraulic conditions only as they
affect fish passage. Furthermore, only ‘modular flow’* will
be considered since under ‘drowned flow’ conditions
passage by fish is considerably easier.

Well upstream of the weir the water in the river is flowing
relatively slowly and obeying approximately the funda-
mental relationship: flow Q = cross-section area A x mean
velocity U. As the water approaches the weir crest it is
subjected to the 1:2 sloping face which reduces the avail-
able cross-section area and causes the water velocity to
increase. The water then flows over the crest and down the
1:5 downstream face of the weir, converting its potential
energy to kinetic energy. The depth of water on this
downstream face decreases as the water accelerates under
the action of gravity; the flow and velocity in this region
being termed ‘super-critical’. Downstream from the weir the
river channel will be much the same in profile as that found
above the weir, and the flow will be at about the same
depth and sub-critical velocity as if the weir did not exist.
Therefore, the shallow water on the downstream face of
the weir travelling at super-critical velocity has to change its
state back to deeper water at sub-critical velocity. This
occurs quite suddenly in the form of a roller or standing
wave below the weir, which is termed the ‘hydraulic jump’,
There is considerable turbulence within the hydraulic jump
which can cause severe bed erosion below the weir if the
jump does not occur over a firm, rocky base. It is common
practice to provide a stilling basin below a weir to ensure
that this energy is dissipated close to its foot in a concrete-
lined pool.

Figure 11 A ‘flat-V’ flow-gauging weir, with cross-section slopes 1:2/1:5 and traverse slopes of between 1:10

and 1:40.

* Modular flow occurs when the water level downstream
from the weir does not affect the flow over the weir and
there is thus a unique relationship between upstream

water level and flow. If high tailwater conditions do
affect the flow, the weir is said to be ‘drowned’ and two
measurements are needed, one being the upstream state
and the other the downstream state.
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Stilling basin
Fish counting electrodes

Figure 12 Diagram of a compound Crump weir showing the low flow section that provides the fish way and the
high crest section for high flows. Note the automatic fish-counting electrodes on the 1:5 downstream

weir face. (Diagram based on Bussell, 1978.)

Figure 13 A view of the compound Crump weir at Manley Hall on the River Dee, Shropshire. The low crest section
can be seen to be gauging water flow whilst the high crest section is dry. The bridge spanning the low-
flow section is used to monitor the accuracy of an automatic fish-counting system (Beach, 1978b).



The degree of difficulty facing a migratory fish trying to
ascend a flow-measuring structure can now be appreciated.
It is attracted to the structure by the noisy turbulence of
the hydraulic jump which it has to overcome before nego-
tiating the long downstream face of the weir covered with
water at shallow depth and flowing at super-critical velocity.
The situation is often exacerbated by a tendency to trun-
cate the downstream face of the weir sharply to minimise
the amount of building materials used, since, if this trun-
cation is not closer to the crest than about twice the
maximum upstream total water head, the gauging accuracy
will not be impaired. However, the sharp edge resulting
from this truncation is often not submerged by the hydraulic
jump and requires a fish to leap from a region of high turbu-
lence onto a weir face thinly covered by water moving at

Crump section

high velocity and in which it may have to swim a distance
of about 3.5 m to reach the weir crest.

The recommendations for the design of a Crump weir to
allow fish passage derive from a consideration of the water
velocities on its downstream face and require the sub-
mergence of any downstream truncated edge. Hence the
stilling basin should be so designed that the hydraulic
jump always forms on this downstream face. Figure 14
shows water velocity as a function of gauged head & for a
range of weir heights P and distances Z downstream from
the crest. Four weir heights are considered (P = 0.6 m, 0.7
m, 0.8 m, 0.9 m) and the water velocity is calculated at
seven distances from the crest (Z=0.5m,1m, 1.5m,2 m,
2.5 m, 3 m, 3,5 m) using the appropriate coefficient of
approach velocity for each value of P,

P=09 P=0.6
s
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Figure 14 Mean water velocity at various distances Z from the crest of a Crump weir plotted
against upstream gauged head k. The small inset section explains the nomenclature
used. The height of the weir P has a greater influence on water velocity as the gauged
head increases and is seen as a thickening of the appropriate Z curve. Values of P from
0.9 to 0.6 are given, the higher values causing a slight reduction in the mean water
velocity. For example, at 2 m down from the weir crest at a gauged head of 1.0 m, a
weir height of 0.9 m results in a mean water velocity of 4.4 m s™ which increases by
about 0.04 m s™' as the weir height decreases to 0.6 m.



The maximum water velocity on a Crump weir, which
occurs in the region of super-critical flow just above the
hydraulic jump, should not exceed 3.5 m s~* . This swimming
velocity can be achieved, for example, by a fish of length
0.54 m in water of temperature 10°C and maintained for
about 1.5 min before exhaustion. From Figure 14 it can be
seen that this velocity occurs at about 2.5 m from the weir
crest for a gauged head of 0.2 m (equivalent to a flow of
0.18 m® s™' per metre of weir) or at about 1 m from the
weir crest for a gauged head of 0.8 m (equivalent to a flow
of 1.56 m® s™! per metre of weir). A sloping distance of
2.5 m corresponds to a vertical distance of 0.5 m, so, since
the zone of super-critical flow extends slightly below the
downstream water level, the difference between the Crump
weir crest level and the downstream water level must not
exceed 0.5 m,

The channel conditions downstream from a Crump weir
are very important both for the operation of the weir and
for successful fish passage. Careful consideration must be
given to the stilling basin design to ensure sufficient energy
dissipation at high flows. Failure to do this will result in a
continuation of super-critical and turbulent flows with
water velocities so high as to make the approach to the
weir by fish impossible.

4.2 Flat-V weir

A Flat-V weir (Figure 11) provides gauging sensitivity at
low flows without the need for dividing piers and minimises
head loss during flood conditions. Two cross-section pro-
files are common, 1:2/1:2 and 1:2/1:5 with traverse slopes
of 1:10 to 1:40. Due to their downstream flow characteris-
tics these weirs do not give easy fish passage. At low flows
water is contained at the centre of the weir and issues as a
squirting flow with circular side eddies. This is likely to
present fish with very high velocities at the centre of the
weir whilst causing disorientation at the sides. This type of
weir lacks the horizontal crest necessary for automatic fish
counting (see Section 7).

4.3 Other gauging weirs

A large variety of weirs and flumes have been used for
several decades and many are still in use. The broad-crested
weir was a weir of popular profile, the upstream edge of its
flat horizontal crest being either ‘sharp’ or ‘round-nosed’.
It is now rarely installed because of its variable coefficient
of discharge, and because the vulnerability of its upstream
edge to damage affects the calibration characteristics.
However, many are still in existence, so where an obstruc-
tion to fish passage occurs each weir should be assessed
individually (using automatic fish count data if available)
and appropriate remedial action taken. This might take the
form of raising the downstream water level with a notched
traverse or providing an effective fish pass round the struc-
ture.
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5. Fish passes

Over the years many fish passes have been constructed to
many designs and have achieved varying degrees of success.
The assessment of the effectiveness of a fish pass is difficult.
It is often based on observed aggregations of fish below a
pass or a decline in the numbers caught above, but these
indices ignore many other important factors such as the
natural variation in the size of fish runs, the time of the run
in relation to the water temperature and a possible size-
selecting mechanism due to a more difficult passage for
small fish. In 1940 McLeod and Nemenyi suggested that a
fish pass should:

“Control water velocity below the swimming capacity
of the fish; avoid rapid changes in flow pattern; provide
physical and visual clearance; provide resting areas as
required; operate without manual control; discharge
enough water to attract the fish; possess a well located
fish entrance; be economical to construct and maintain;
operate without interference by sediment and debris;

and, not require more water than is available or allo-
cated”,

These diverse objectives are still being sought but there is
now the opportunity to test the effectiveness of appropriate
passes by using automatic fish counters (see section 7).

In England and Wales only two basic types of fish pass are
now commonly installed: the ‘pool and traverse’ type with
notched overflow weirs, and the Denil type. Other variants
are in existence, e.g. B3 type and ‘pool and traverse’ with
submerged orifices, but the first two are generally accepted
as the most effective; thus, these will be the only types
considered further in this report. The fish lift, e.g. Borland
type, although worthy of mention, will also not be con-
sidered since it is intended primarily for large obstructions
and is used mainly in Scotland to enable fish passage over
high impounding dams. The Borland lift is described in
some detail with examples of installations in both Scotland
and Ireland by Aitken et al. (1966).

5.1 ‘Pool and traverse’ fish pass

As the name implies, this pass consists of a series of traverses
(cross walls) and pools which are arranged to circumvent an
obstruction (natural or man-made) and afford fish a passage
to the higher water level in easy stages (Figure 15). Ideally,
the downstream entrance to the pass should be near the
obstruction so as to be easily located by upstream migrating
fish, and the upstream end should be close to the upper side
of the obstruction so as to be easily located by downstream
migrants (smolts and kelts).




The arrangement of pools and traverses is varied to suit a
particular obstruction. A long, low obstruction (Figure 16)
may require a pass of a similar shallow gradient cut into
adjoining land, whereas a weir or dam (Figure 17) may
require the pass to be tightly folded so as to position the
entrance and exit close to the dam,

Recommended design requirements for a ‘pool and traverse’
fish pass are as follows:

(a) the change in water level across a traverse must not
exceed 0.45 m;

(b) pools should have minimum dimensions of 3 m long
x 2 m wide x 1.2 m deep;

(c) traverses should be 0.3 m thick with notches 0.6 m
wide and at least 0.25 m deep;

(d) the downstream edge of both the notch and the
traverse should be curved so as to reduce turbulence
and provide an adherent nappe (not a free spurting
jet);

(e) the pass entrance should be located easily by fish at
all flows.

These recommendations are based on the Report of the
Committee on Fish Passes (Anon. 1942) and on subsequent
experience gained by MAFF, the pool size being the mini-
mum to allow energy dissipation of the 0.45 m difference
in water level and to provide adequate rest areas.

The design requirements listed above are the major ones
examined when a fish pass is submitted for Ministerial
Approval. They form the guidelines for assessment of
effectiveness but are applied flexibly since each site is
unique. For example, if the water available for a pass is
always so low that the normally recommended minimum
pool size is more than adequate for energy dissipation, a
small reduction in size may be permissible. Similarly, the
minimum notch size may be reduced provided the depth of
water of flowing through it is never less than 0.25 m, and
the width of the notch is not less than 0.3 m.

Particular attention should be given to the position of the
entrance to the pass, since it must be readily located by fish
under all flow conditions. A pass adjoining an impassable

Figure 15 A schematic diagram of a ‘pool and traverse’ fish pass with notched traverses.
The dimensions shown are recommended as the absolute minima. The head
difference between pools should not exceed 0.45 m.
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weir may be effectively blocked during high tlows because
of turbulence disorientating the fish or preventing its
approach. Such flow conditions are often those that
prompt salmon to make their spawning run. One solution
to this problem is to ensure that, in addition to careful
siting of the entrance, the pass always takes a fixed propor-
tion of the flow over the main weir. Notches in the traverses
should be arranged to take the correct proportion of the
dry weather flow. The invert (or retention) level of the
uppermost notch must always be lower than the adjoining
weir crest so that the pass is preferentially supplied with
water, instead of ‘wasting’ it over the crest of a long weir
and thus attracting fish away from the pass.

Many hydraulic equations have been applied to the flow of
water over weirs and notches, each proclaiming a greater
degree of precision and usually involving a corresponding
increase in complexity. For fishery purposes the Francis
(1855) equation is sufficiently accurate and is usually
simplified to:

Q=1.84[b—0.2n|h"°,
where Q = flow (m? s™'),
b = weir breadth (m),
h = gauged water head (m).

Equation 3, although including the side contractions of a
notch, ignores the velocity of approach. However, when
dealing with a fish pass an accurate measure is neither
possible nor necessary. If this equation is applied to the
minimum size notch recommended (0.60 m wide by 0.25
m deep) an approximate flow of 0.13 m?® s' would be
required to ensure the notch runs full. Also the maximum
water velocity resulting from the 0.45 m level difference
across the pools would be 2.97 m s™ . Such a speed could
be achieved by a fish of length 0.41 m in a river of tempera-
ture 10°C and maintained for about 40 s, or a fish of
length 0.27 m in a river of temperature 15°C and main-
tained for about 7 s.

5.2 Denil fish pass

The Denil fish pass is named after the Belgian engineer G.
Denil whose studies in 1908 led to the first successful
realisation of a channel fish pass using baffles for energy
dissipation (Denil, 1936). The baffles are closely spaced
and set at an angle to the axis of the channel (Figure 18)
to form secondary channels whilst leaving a relatively large
proportion of the channel for the straight main flow
through which the fish pass. Flow re-entering from the
secondary channels meets the main flow abruptly and

Figure 16 A “pool and traverse’ fish pass around Airthrey Dam on the River Allan, Strathallan. The pass
discharges obliquely across the main river flow for easy location by fish at medium flows. Note the
subsidiary entrance for use by fish attracted to this side of the dam at low flows. (Photo. Menzies,
1934.)
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energy is dissipated by the large transfer of momentum
and intense mixing; energy reduction is not due to the
frictional effects of the numerous baffles (McLeod and
Nemenyi, 1940) as is sometimes suggested. The surfaces
of the secondary channels should be smooth and their
entrances well streamlined to reduce frictional losses and
to ensure that the secondary cross currents re-issuing into
the main stream are vigorous and free from major eddies so
that they effectively check the velocity of the main flow.
It is in this connection that the shape, position and spacing
of the baffles play such an important part. Denil’s original
design required baffles of a shape so complex that it was
very difficult to reproduce. Simple single-plane baffles
(Figure 18) are just as effective (McLeod and Nemenyi,
1940) and have been proved in operational passes in the
UK, the Republic of Ireland, Canada, Denmark and else-
where. A photograph of a Denil pass is shown at Figure 19,

In addition to the earlier work by Denil, 1936; McLeod
and Nemenyi, 1940; Ziemer, 1962, and others, a recent
detailed examination of practical Denil passes has been
carried out by Lonnebjerg (1980) at Silkeborg in Denmark.
His work examines in detail the hydraulics of the Denil
pass and its effectiveness. He states that (in Denmark):

“In 1980 the number of dams and weirs preventing
salmon  from proceeding further up watercourse-
systems is probably over 1,000 and fish passes have
been built for very few of these”.

The need for an economical pass whose entrance is easily
located and which must occupy minimal space suggests a
pass with as steep a gradient as possible. However, the
water velocity in a Denil pass increases approximately as
the square root of the gradient, and the steeper pass allows
a greater flow of water. Conversely, a reduction in the cross-
section of the pass at a constant gradient will result in a
lower flow, lower velocity and reduced building cost. The
limit to the free passage through a Denil pass is set by the
swimming space required by an ascending fish; McLeod
and Nemenyi (1940) report that a catfish (weight about
L1 kg) passed through a Denil pass having a passage width
of only 0.25 m. The length of the fish was 0.84 m and the
width of its head 0.23 m!

However long or steep the Denil channel, the water velocity
must be such that neither the maximum speed nor the
endurance of the fish is exceeded, due consideration being
given to fish length and water temperature (Figure 1). A
maximum water velocity of 3m s is suggested as not
being beyond the ability of any salmon and most sea-trout.

Denil considered the forces on a fish negotiating his passes
to be composed of two elements, one due to the drag force
necessary to overcome the water velocity and the other due
to the need for the fish to lift itself against gravity. The first
is defined by



Fp=05 KpUPA, e (4) where L is the length of the fish (m) and it is assumed that
p=1000kg m= and 4 = 0.02182 L.

where Fpy = drag force (N), ;
The gravitational force, acting on a fish in an inclined

K = coefficient dependent on body shape, channel, is given by

p = fish density (kg m™), FoeMgsi® s (6)
U = mean water velocity (m s™), where, F; = gravitational force (N),
A = maximum fish cross-section (m?). M = fish mass (kg),
From a series of experiments Denil derived a value of 0.25 g = acceleration due to gravity (9.81 ms™?),
for K and Lonnebjerg substituted this value in equation 4
to give @ = angle between channel slope and horizontal
(degree).
Fp=2J2UPLY e (5)

Invert

<]

Figure 18 A schematic diagram of a Denil fish pass with single plane baffles. Inset is a diagram of a single
baffle with the recommended proportionsa:b:c:d = 1:0.58:0.47:0.24; b is the fish free passage
width, and the distance between consecutive baffles is 0.67 x a. (From Lonnebjerg, 1980.)
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Figure 19 A view up part of the extensive Denil fish pass complex at Ennistyman on the River Inagh in the

Republic of Ireland.

Assuming the following relationship between salmon mass
and length (W.M. Shearer, personal communication):

M=10.836 L>%%4 A7)
then,

Ea s 10ABRE VRO, o (8)
As the total force acting on the fish is

P=Fp+ - O ————— (9)
then from equations (5) and (8)

F=2728 UL? +104.64 L** sina . ... (10)

Denil proposed that salmon and sea-trout exert a force
equivalent to 0.6 and 0.7 times their respective weights
when swimming energetically against a water flow. Thus, if
a 0.80 m salmon (mass 5.59 kg, from equation 7) is to be
able to swim up a pass having a water velocity of 3 m 5!
and a gradient of 1:5 (sin o= 0.20) with a relative velocity
of 0.3 m s7!, it must exert a total force of 32.51 N (equa-
tion 10). This total force is equivalent to a mass of 3.31 kg
x g and is 0.59 times the fish’s weight.

If the total force on a salmon is not to exceed 0.6 of its
weight, the maximum water velocity permissible in the
Denil pass can be calculated using equation (10) to give

U=6.19 L°%2 [0.61 — sin a] °5.

These maximum velocities are shown in Figure 20 against
fish length for three gradients of Denil pass (1:3, 1:4 and
1:5). A strict comparison with the burst speeds from Figure
1 is impossible since Denil did not take water temperature
into account when arriving at his drag figure of 0.6 times
the weight of a salmon. However, there is sufficient correla-
tion to allow Figures 1 and 2 to be used to assess the ability
of a salmon to negotiate a particular Denil pass if the mean
water velocity and channel length are known,

The design of a Denil fish pass requires a knowledge of the
relationship between flow and depth. Very few data on this
relationship are available, and those which do exist relate to
a variety of pass designs which makes comparison difficult,
Lonnebjerg (1980) investigated the effects of slope and
dimension on flow using models and concluded that the
significant forces are those due to inertia and gravity. Using
Froude’s law of scale he proposes the following approxi-
mate equations for mean water velocity and flow:
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Figure 20 Maximum water velocity at three gradients of
Denil fish pass equated to speed achievable by
fish of various lengths, based on the drag force
for a salmon being proportional to 0.6 of its
body weight. (Subtract 0.3 m s™" to allow fish

to progress through the pass at this rate.)
UplUpy = A%5 and (12)
QelOy =0 e (13)

where A is the scale ratio LFH‘M' Ly, is a dimension in the
full size pass, and Ly, is the equivalent dimension in the
model pass.

As the water velocity in a Denil pass increases in proportion
to the square root of the gradient,

Up/Upg = laplogg]
where a is the sine of the slope angle as before.

The Report of the Committee on Fish Passes (Anon, 1942)
proposed a practical Denil pass with a channel width of
0.91 m and baffles set a distance apart equal to two-thirds
the width of the channel (about 0.60 m) and sloping up-
stream at an angle of 45° to the channel bed, the slope of
which should not exceed 1:4 (i.e. sin a< 0.25). Large
resting pools for fish (3 m long x 2 m wide x 1.2 m deep)
should be provided at vertical intervals of 2 m. A test
channel was constructed in concrete with metal baffles as
defined above, by the Committee on Fish Passes. The length
of channel between resting pools was 9 m and the gradient
1:5. A continuous flow of 0.60 m® s™' was obtained with a
mean water velocity of only 1.8 m s™' and a water depth of
0.91 m. At the lower flow of 0.28 m® s~ (corresponding to
a water depth of 0.61 m) it was claimed that there was still
sufficient room for fish to swim the channel. In fact, in the
Republic of Ireland fish have been observed swimming up
Denil passes with a total water depth of 0.30 m which is
equivalent to only 0.15 m depth over the invert of the
baffle (see Figure 18).
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Lonnebjerg (1980) reports that in 1945 at Herting in
Sweden a single-plane Denil pass was built to the same
proportions as suggested by the Committee on Fish Passes,
but scaled up by 50% and the channel slope decreased from
1:5 to 1:6. A flow of 1.4 m® s™! was measured using hydro-
metric vanes, but unfortunately no data are given on water
depths. Following the success of the pass at Herting the
Fish and Wildlife Service of the Department of the Interior
(USA) decided to build a similar pass at Dryden Dam on
the Wenatchee River, Washington and to monitor its per-
formance more fully; its flow was measured to be 0.85 m*
s at a depth of 0.91 m. Calculations based on Froude’s
law of scale (equations 12, 13 and 14) and the Committee
on Fish Passes’ figure of 0.60 m® s™' predict a flow of
1.05 m* 57!, which shows reasonable agreement with the
measured flow, particularly as a change of scale and slope is
involved and the passes are similar but not identical.
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Figure 21 Flow measurements in the Denil fish pass at
Arup-Mglle on the River Rohden-Arum,
Denmark (slope 1:4): top curve is flow Q
against depth &; bottom curves are flow Q
against velocity U (solid line indicates measured
values, broken line predicted values).
(Lonnebjerg, 1980.)

Lonnebjerg also supervised a project at Horsens in Denmark
in 1978 which included model trials on a Denil-type pass.
The conclusion from these trials corroborated Denil’s
original findings in that the best incline for the baffles was
found to be 45° and the best distance between the baffles
was 67% of the channel width. A pass was subsequently
constructed incorporating these design criteria at Arup
Mélle, Denmark on the Rohden-Arum River with a channel
width of 0.57 m and free passage of 0.33 m. The slope was
1:4 (sin @ = 0.25) and the length 9.4 m. Comprehensive
flow measurements were made at this pass and the results
are shown graphically in Figure 21; the water depth h was
measured from the bottom of the channel and so the water
height above the invert of the baffle was about 0.12 — 0.13
m less than h. An approximately linear relationship
between flow and depth exists over the range of water
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Figure 22 Flow measurements in the experimental section
of Denil fish pass at Hesselvig Enggiird on the
River Skjern, Denmark (slope 1:5): top curve is

flow Q against depth h; bottom curve is flow Q
against mean water velocity U. Note that since
there are no bottom baffles, h represents the
water depth above the channel. (from
Lonnebjerg, 1980.)

depths of 0.35 m to 0.65 m; the mean water velocity varies
only between 1.32m s™ and 1.42 m s'. In trials with fish,
sixteen brook trout (Salvelinus fontinalis (Mitchill)) and
two rainbow trout (Salmo gairdneri Richardson) were
released immediately downstream from the pass: after 7.5
hours, eight of the brook trout and both of the rainbow
trout had negotiated the pass, the smallest fish being a
0.25 m brook trout.

The success of the Denil pass at Arup Mglle resulted in
Lonnebjerg becoming involved with the recently installed
Denil pass at the hydroelectric power station at Tange on
the Gudeni River, Denmark. The structure comprised seven
resting pools and eight Denil flights each 6.55 m long with a
gradient of 1:5, the total rise being about 10 m. In order to
predict the performance of this ambitious project it was
proposed that a single Denil flight be tested prior to field
construction. Consequently a section of width 0.57 m, free
passage 0.32 m and distance between baffles of 0.32 m was
erected at a gradient of 1:5 at a fish farm on the Skjern
River at Hesselvig Enggird, Denmark. In this pass the
baffles occupied the sides of the channel only, but in spite
of the lack of bottom baffles — and the consequent higher
water velocities at low flows — the pass showed good
energy-reducing properties with Chezy coefficients* between
5.9 and 7.1. This type of baffle arrangement was suggested
by the Committee on Fish Passes (Anon, 1942) as being
particularly suitable for large variations in water head. Flow
and velocity measurements for this pass are shown in Figure
22, where it can be seen that a change in head from 0.42 m
to 0.53 m resulted in a change of flow from 0.12 m® s™" to
0.19 m® s™! over which range the velocity increased from
0.90m s to only 1.12m s™".
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Figure 23 The flow Q in a Denil channel of width L

related to upstream river level A, at each of three
channel gradients (sin « = 0.10, 0.15, 0.20).
(Redrawn from Larinier, 1983.)

Additional information on the flow characteristics of a
Denil fish pass with the baffle arrangement as in Figure 18
is given by Larinier (1983). The relation between the water
flow and the upstream head h,, over the invert of the top
baffle is given in Figure 23, and the relation between the
flow and the depth A in the pass (normal to the channel) in
Figure 24. The measurements were made at three gradients
(sin a = 0.10, 0.15 and 0.20) and provide a useful addition
to the limited data available for this type of pass.

The energy-reducing property of the Denil pass and its
relatively low water demand has been put to novel use by
the Alaska Department of Fish and Game (Ziemer, 1962):
for the installation of passes at remote locations prefabri-
cated Denil sections (approximately 3 m long) are attached
to the floats of light aircraft and flown to the sites. Up to
three such sections are then bolted end-to-end and leant
against the rim of the obstruction. The design of fish pass
used is designated ‘Model A’ by the Alaska Department of
Fish and Game and is an adaptation of a modified Denil
pass developed by McLeod and Nemenyi (1940). The baffle
arrangement is complex and difficult to visualise but a
small diagrammatic section is shown in Figure 25 and a
view through such a section is shown in Figure 26,

*The Chezy coefficient is a measure of the effect of the excess of 100, whereas a river channel choked with weeds
roughness of a channel on the velocity of water flow and boulders and having hollows in its bed and banks, and
through it. A glazed surface would have a coefficient in sharp bends would have a coefficient of about 30.
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Figure 24 The relationship between the flow Q and the

water depth # in a Denil channel of width L at
three gradients (sin & = 0.10, 0.15, 0.20). The
best line has been drawn through the experi-
mental points for all three channel gradients.
(Redrawn from Larinier, 1983.)

A 231 m high obstruction to the passage of salmon at
Gretchen Creek on Afognak Island, Alaska was surmoun-
ted in 1959 using three sections of the ‘Model A’ Denil
channel at an inclination of about 1:4. The following
account of its performance is given by Ziemer (1962):

“Construction was accomplished under force account
procedures at a total cost of $6,654. Thirty lineal feet
of steep pass was installed on a 26.2% grade* to span a
vertical rise of 7.6 feet for a unit cost of $876 per foot
of rise. All the materials used in this project were flown
to the shoreline of a lake 3,000 feet distant using a
two-place plane on floats and then man-packed to the
site. The first red salmon migrantt arrived at the fish
pass entrance two days after its completion, entered
without pause, exited almost immediately and con-
tinued up the creek without stopping. During the 1960
season the biologist estimated that 3,500 red salmon
passed through this steep pass.”

Figure 25 Cut-away sectional diagram of the Alaskan
‘Model A’ Denil fish pass prefabricated from
steel in 3 m lengths with a channel width of
0.56 m and channel depth of 0.69 m.

Figure 26 A view through the prefabricated Alaskan
‘Model A’ Denil fish pass.

*Equivalent to the UK gradient of 25.3%. The UK uses the
sine of the small angle to give gradient, whereas the USA
uses the tangent of the angle.

+The salmon migrant referred to is the red salmon (Oncor-
hynchus nerka (Walbaum)).



6. Approval of fish pass design

The Salmon and Freshwater Fisheries Act 1975 (Great
Britain Parliament, 1975) requires that proposed new
obstructions in migratory fish rivers and certain altera-
tions to existing obstructions rmust be approved by the
Ministry of Agriculture, Fisheries and Food. Initially, a
detailed proposal should be submitted to the Inspector of
Salmon and Freshwater Fisheries at the Ministry as early as
possible. The detail should include:

(a) a location plan with Ordnance Survey reference;

(b) full engineering drawings of the existing obstruction
(natural, weir, sluice, etc) including plan, side and sec-
tional elevations;

(c) datum levels (preferably referred to Newlyn — the
Ordnance Survey datum) of all crests and inverts, and
upstream and downstream water levels;

(d) a water flow/frequency graph applicable to the flow at
the structure;

(e) any operating regime (e.g. water draw-off, sluice gate
manipulation, etc.) that may affect the flow available
for the fish pass;

() information on the migratory fish stocks (species,
length range, timing of main spawning run, etc.) and
water temperature; and

(g) any general information that may relate to the struc-
ture (design constraints, complex ownership arrange-
ment, water abstraction or fishing rights, etc.).

The details submitted are examined and an occasional site

visit undertaken. If the site of the proposed fish pass is

not in the ownership of the water authority that authority
is required under section 18(2) of the 1975 Act (see Appen-

dix 1 Page 44 ) to serve notice of their application, together

with a plan and specification of the proposed work, on the

owner and occupier of the site. When considering an appli-
cation for “provisional approval” the Ministry must take
into account any objections made by the owner or occupier.

If the proposals are considered satisfactory by both the
Ministry, the local water authority Fishery Officer, and,
where appropriate, the consulting engineers the authority
should then seek official ‘provisional approval’ from the
Ministry. This requires 3 complete sets of: plans (4 sets if
the site is privately owned) which must specify the location
of the site, the specification of the structure, the range of
water levels, and otheritems of relevant information as listed
above. When provisional approval is given each set of plans
is ‘sealed’ (Figure 27), two sets being retained by the
Ministry, one sent to the relevant water authority and if
appropriate, one sent to the owner of the site of the pro-
posed structure. Construction of the pass can then proceed.

After an agreed period, usually about 3 years, the Ministry
will contact the water authority for information on the
operating effectiveness of the structure and its ability to
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afford fish easy passage. If the authority is satisfied with
the operation of the pass it may apply for ‘final approval’
enclosing any supporting evidence that illustrates the
effectiveness of the pass. If this is satisfactory the Ministry
will approve and certify the pass.

However, it may happen that modifications to the pass
prove to be necessary between provisional and final approval
stages and in such cases the Ministry should again be con-
sulted. When agreement is reached on revised plans the
original provisional approval will be revoked and, after 90
days, a new ‘provisional approval’ given on the basis of the
revised plans. The Ministry should of course be notified if
any changes are made to a fish pass after final approval has
been given.

6.1 Example of ‘pool and traverse’ fish pass

The following example of the way in which a proposed
scheme for a ‘pool and traverse’ fish pass is evaluated is

‘based on Figure 28 which refers to a proposal and approval

of 20 years ago. This pass should not be considered ideal,
nor applicable to all situations, but merely an example to
illustrate the aspects examined for an effective fish pass. It
should be noted that although the drawings in Figure 28
have been reduced considerably, sufficient detail is available
for discussion and the rest readable with magnification.
Although the original information presented in Figure 28a
and b isin Imperial units, all the dimensions in the following
text are in metric units.

The inset key plan (scale 1:2500) in Figure 28a shows the
fish pass site in relation to the local town. The site is not
marked but its position can be seen on the larger scale sec-
tion to be where the flood channel rejoins the main river. A
large central buttress protects the west bank from the flood
channel outflow and a radial gate (not shown) and weir link
this buttress to the west bank. The radial gate and weir
together constitute an impassable barrier at most of the
range of river flows and it is proposed to construct a pass
around it with seven pools. Two of the pools can be seen to
be larger than the others. A small river flows into the main
river just downstream from the pass. The upstream arrange-
ment and its relation to the river is a little confused.

Figure 28b shows a detailed plan, side elevation and sec-
tional elevations of the pass and weir. Here again the up-
stream exit is not clear and no detail of the radial gate is
apparent. To describe the pass from top to bottom, the
upstream exit from the pass is through a rectangular side
notch (0.61 m wide x 0.76 m deep) from a square pool of
length about 3 m. The next two pools are 3,05 m long x
1.83 m wide below which is another square pool of length
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Figure 27 The form of the Approval certificate given by the Minister of Agriculture, Fisheries and Food to an
acceptable set of plans for a fish pass scheme.

3.05 m. The next two pools are again 3.05 m long x 1.83 m

wide and connected to the lowermost entrance pool. This
pool has a rectangular notch (again 0.61 m wide x 0.76 m
deep) positioned in its most downstream corner and the
opposite corner is faired to provide good flow characteris-
tics and to enable the 90° course change required of fish
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entering the pass. Below this pool is a stilling basin to
dissipate the energy of the water discharged by the radial
gate and weir, entry to this being by two 0.61 m wide x
0.46 m deep notches. Wooden boards are used to adjust the
various water levels throughout the pass, there being grooves

for these in the three lowermost notches and the most up-
stream notch.
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Water depths in the two lowermost pools and the stilling
basin, at the minimum flow just sufficient to fill the
notches, would nowadays be considered too low to con-
form with present recommendations (see section 5.1); they
are 0.78 m, 0.81 m and 0.46 m respectively, whereas 1.2 m
is now recommended. An approximate water flow through
the notches is calculated using the Francis formula (equation
(3), section 5.1) and at notch full would be about 0.645
m? s, At a notch depth of about 0.20 m (the absolute mi-
nimum recommended) the flow would be 0.100 m®s™ . The
invert level of the upstream notch is 42.67 m above the
ordnance datum at Newlyn (A.0.D.) and thus the upstream
river level must not be allowed to fall below 42.87 m A.O.D.
if this minimum notch depth is to be maintained through-
out the pass (all notches being the same size). The water
flow from the stilling basin is by way of two 0.61 m wide
notches which would serve to reduce the already inadequate
depth of 0.46 m to only 0.13 m at the minimum flow of
0.100 m® s™'. Hence, the upstream river level must be
maintained at 43.43 m A.O.D. (the notch full condition) to
ensure the maximum depth in the stilling basin.

However, if the upstream river level increases above the
notch full condition of 43.43 m A.O.D., water will spill
sideways into most of the fish pass. This could have disas-
trous consequences to the direct flow through the pass and
disorientate ascending fish so as to cause them to jump
unsuccessfully at the side walls. Hence the upstream’river
level must not exceed the notch full condition if side spill is
to be prevented and the maximum stilling rasin depth
preserved. Also, excess water cannot be taken through the
pass but must be drawn off through the radial gate where it
will create a competing ‘lead’ for fish at the entrance to
the pass and a turbulent situation in the stilling basin.

A flow/frequency graph for this river (not included) would
indicate the percentage of time the flow exceeds the neces-
sary 0.745 m® s™' and is spilled through the radial sluice,
and also the percentage of time when the flow is lower than
the ideal 0.745 m? s™'. It is critical to the appraisal of this
pass that the operating regime of the radial gate, and its
effect on the upstream water level, be fully understood and
documented. Information must also be submitted on the
fluctuations in the downstream water level so that the
access by fish to the two notches at the bottom of the
stilling basin can be assessed.

A summary of the examination of Figure 28 would be as
follows:

(i) Plan dimensions of all pools satisfactory.

(ii) All water level changes between pools (0.43 m) accept-
able except for that at the entrance to the pass from
the stilling basin which is too great at 0.76 m because
it exceeds the difference in water level of 0.45 m
recommended in section 5.1.

Figure 29 Two views of the completed ‘pool and traverse’
fish pass (arrowed) based on plans in Figure 28,
showing detail inside the pass and its relation to
an adjoining weir and radial sluice gate.

(iii) The pass is unable to cope with changes in upstream
river level: too high a level and side spillage results,
too low a level and the water depth in the downstream
pools becomes grossly inadequate.

(iv) A competing flow from the radial gate and the turbu-
lent condition in the stilling basin would adversely
affect the finding by fish of the pass entrance.
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(v) No information is supplied on the dimensions of the
radial gate or its operating regime.

(vi) No information is supplied on the downstream water
level to be maintained and the access to the notches
in the stilling basin.

(vii) The pass would be improved if the height of the wall
dividing the pass from the main river (presently at
4343 m A.0.D.) were enhanced along all pools up-
stream from the weir except the uppermost pool. This
would enable the pass to take more water, reduce the
competitive ‘lead’ from the radial gate discharge, and
give more latitude to the control of the upstream river
level.

(viii) The stilling basin situation must be improved to pro-
vide greater water depth and reduce the water level
change into the lowermost pool of the pass.

It must be stressed that, although this pass was in fact
Approved, this occurred almost 20 years ago when less was
known of the swimming capabilities of migratory fish, and
when this river was not yet supporting a migratory fish run.
Also, substantial alterations to the course of the river and
adjoining banks now make the original plan (Figure 28a)
unrecognisable. Figure 29 shows views of the site and pass
as it is today. The latest information shows that, whilst
used by coarse fish (there are still no migratory fish in the
river), the entrance is confused by the discharge from the
adjoining weir and radial sluice gate and by the outflow
from a brook which discharges into the river immediately
downstream from the weir stilling basin.

6.2 Example of a Denil fish pass

Part of a recent proposal for a Denil fish pass at Wood Mill
on the River Itchen, Hampshire is shown at Figure 30. Con-
siderable background information was available on this
scheme since the site contains the oldest Approved fish
pass — it was officially Approved in 1862. Changes in
downstream water levels had rendered the original pass
impassable: a finding which was confirmed recently using
an automatic fish counter and camera system. Fish obstruc-
tion at this site was due to a battery of sluice gates which
control the discharge of the river into a tidal pool. In addi-

tion to the several ancient, manually-operated, wooden

sluice gates, a single large automatic steel sluice was used.
This, when just raised, provided a very good lead for fish
but was clearly impassable (see Figure 6).

Figure 30a shows a site plan (reduced to approximately
43% of the size original submitted) on which the proposed
Denil pass has been marked. The river flows through the
sluices shown into the Salmon Pool and then out under
Woodmill Lane. Although the line of the proposed pass is
shown on the site plan, it is not in sufficient detail to con-
vey the complex arrangement of pool and river. Also the
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sluice arrangement is complicated and would require more
detailed information than is given here. This was a situation
where both photographs and a site visit were found to be
necessary. The plan also refers to the highest point to which
medium tides flow and indicates the presence of a bench
mark (BM 13.7, equivalent to 4.01 m) on Woodmill Lane.
A small river, Monks Brook, flows into the Salmon Pool:
information on whether this brook supports a migratory
fish population that might be affected by the discharge
from the newly sited Denil pass should be sought. Little
more information can be gained from Figure 30a but there
is a need to know the use to which the slipway is put and
whether the turbulence generated by the new pass would
affect this.

Figure 30a Large-scale map giving location of
proposed Denil fish pass (arrowed).

Detailed engineering plans are shown in Figure 30b. The
important features with regard to fish passage are the
actual dimensions of the Denil channel and baffles, the
entry and exit arrangements, and the upstream and down-
stream water levels. A view of a single baffle is shown and
alongside it, for comparison, a view of Denil’s original
design. The dimensions of the baffles, their distance apart
and the slope of the channel are satisfactory. A.O.D. levels
are marked on sectional view B-B: as the scale is given, any
additional levels can be calculated. The upstream river level
is shown as a maintained level and is set at the top of the
uppermost Denil baffle. This should be acceptable, but
extra detail on the capability of the regulating sluices and
the minimum summer drought river level and its frequency
would allow a better assessment to be made. The down-
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stream pool levels are shown as ‘normal LWM’ (low water
mark) and ‘normal HWM’ (high water mark). Here it can
be seen that at normal HWM the pass will be inundated and
at normal LWM fish will have easy access. However, the
situation at low spring tides is not specified and thus it is
not clear if the lowermost baffle will still be accessible to
fish. Judging by the number of baffles submerged at normal
LWM it is highly probable that this aspect has been con-
sidered carefully, but it should be documented. Extra detail
of the pass entry and exit arrangements is shown by larger-
scale elevation views at ‘X’ and ‘Y’. These are useful and,
because of their larger scale would be better views on which
to show upstream and downstream water level ranges. A
relevant flow/frequency diagram with sufficient explana-
tion should have been included. Fish-counter electrodes
are shown in the upstream channel of the pass and precau-
tions must be taken against the incursion of salt water when
the pass floods at high tides since this will generate false
fish-count data. (An automatic fish-counter (see Section 7)
relies on the relatively low conductivity of fresh water for
its operation).

A summary of the examination of Figure 30 is as follows:

(i) Water datum levels given are insufficient. to show range
of upstream level to be maintained.

(ii) Water levels for downstream full tidal excursions are
not given.

(iii) The head difference between the normal LWM and the
upstream maintained level is 2.267 m which is accept-
able for the one Denil flight proposed. However, the
tidal variation in the Salmon Pool, which is influenced
both locally and by Southampton Water, is such that
for about one third of the total time a near-maximum
water level difference occurs between the Salmon Pool
and the upper river. Also, neither the minimum water-
retention level in the Salmon Pool nor the effect of
extra-low spring tides on the access to the Pool are
specified. From the above it can be seen as most impor-
tant that the depth of submersion at all times of the
lower end of the Denil be documented.

(iv) The Denil baffles are correctly proportioned with
sufficient extra width to allow engagement in the
recesses in the sides of the channel.

(v) Attention should be given to the fish-counter channel
since the water velocity may be too low for reliable
fish counts. A low weir to increase the water velocity
in the vicinity of the counter electrodes should be con-
sidered. Electrical insulation under the electrodes may
be necessary if the concrete construction of a low
counting weir involves reinforcing steel close to the
surface, Other points in connection with access to the
counter electrodes and photographic surveillance need
to be discussed further.
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It must be emphasised that the figures used in this example
were only a small part of the total information made avail-
able. Sometimes the information is available on an alterna-
tive drawing and must be extracted and annotated on the
fish pass plans: this occurs because a full set of engineering
drawings for a large project comprises hundreds of plans,
only a few of which are considered relevant to the fish pass
and so sent to the Ministry. However, the present procedure
of selecting drawings, with its occasional omission, is prefer-
able to the Ministry being required to search through
hundreds of irrelevant engineering plans for pertinent
information.

This pass has now received full Approval after a satisfactory
Provisional Approval period; photographs of the operational
pass are shown in Figure 31.

7. Automatic fish-counters

The number of migratory fish using a fish pass or traversing
a gauging structure can be obtained automatically if fish are
constrained to swim close to three stainless steel electrodes
either fixed inside a tube or attached to the downstream
face of a weir (open channel counter) and connected to an
electronic fish-counter. The field from the three electrodes
defines two water volumes whose effective resistances are
constantly monitored. When these volumes are penetrated
successively by a migratory fish their effective resistances
change in turn because the conductivity of a fish’s body is
greater than that of the fresh water it displaces. The magni-
tude of the changes and the order in which they occur give
information on the size of the fish crossing the electrodes
and its direction of passage respectively. The open channel
counter has an advantage over the original tube arrange-
ment (Lethlean, 1951) in that debris can flow freely over
the structure and down the river, and it does not require a
series of grids to constrain the fish to swim through a tube.

It is essential that, because fish detection is achieved by
conductivity change, each fish passes not only through
the counting zone but also as close to the electrodes as
possible. Hence, if a complete count is to be obtained, the
electrode structure must be positioned where all fish are
compelled to cross it at all conditions of river flow. Also,
an increase in water velocity must be made to occur in the
vicinity of the electrodes to encourage fish not to loiter
in the counting zone, as loitering may give rise to false
counts. Joint experiments with the Department of Agri-
culture and Fisheries for Scotland on the River North Esk
at Montrose (Beach et al., 1981) have shown that the
majority of fish moving upstream swim very close to the
electrodes whereas fish going downstream swim anywhere
in the available water column.



Figure 31

The completed Denil fish pass (arrowed) at Wood Mill. Views are (a) across the Salmon Pool to the pass,

(b) the lower entrance, (¢ and d) the baffle arrangement inside the pass.

8. Conclusions

(1) The swimming speed and endurance times given in
Figures 1 and 2 should not be exceeded. It is stressed
that they are considered the maximum attainable and
presume the fish to be in peak physical condition.

(2) Flow control structures such as flood relief channels
should be designed so as to drain progressively and not
strand fish. The minimum opening for a sluice aperture

should be not less than 0.30 m x 0.30 m and the water
velocity not greater than about 3 m 571 this corresponds
to a water head difference of about 0.45 m and a flow of
approximately 0.27 m?® s™.

(3) The water head over a Crump flow-measurement
weir should be such that excessive velocities do not occur
on its downstream face; any truncated section should
always be submerged. The maximum water velocity, which
occurs just above the hydraulic jump, should not exceed



3.5 m s™*. This velocity is attained at about 2.5 m from the
weir crest for a gauged head of 0.2 m (equivalent to a flow
of 0.18 m* s7' per metre of weir) or at about 1 m from the
weir crest for a gauged head of 0.8 m (equivalent to a flow
of 1.56 m® s™' per metre of weir). Since a slope of length
2.5 m corresponds to a vertical distance of 0.5 m, the
difference between the Crump weir crest and the down-
stream water level (for the 0.2 m gauged head) should not
exceed 0.5 m.

(4) The basic design requirements for a ‘pool and traverse’
type of fish pass to gain Ministry ‘Approval’ are:

(a) the change in water level across a traverse should not
exceed 0.45 m;

(b) pools should have minimum dimensions of 3 m long
by 2 m wide by 1.2 m deep;

(c) each traverse should be 0.3 m thick with the notch
0.6 m wide and at least 0.25 m deep;

(d) the downstream edge of both the notch and the
traverse should be curved so as to reduce turbulence
and provide an adherent nappe;

(e) the pass entrance should be located easily by fish at
all flows. An approximate flow of 0.13 m® s
would be required to ensure the notch runs full, and
the 0.45 m change in water level would result in a
maximum velocity of 2.97 m -! .

(5) The original design of Denil fish pass required baffles of
complex shape, but single-plane baffles have been shown to
be very effective and are used in successful fish passes in
many countries. The recommended proportions for a Denil
pass (Figure 18), based on the Report of the Committee on
Fish Passes (Anon, 1942), require a channel width of 0.91
m with baffles set 0.60 m apart and sloping upstream at an
angle of 45 degrees to the channel bed, the slope of which
should not exceed 1:4. Large resting pools (3 mlongx 2 m
wide x 1.2 m deep) should be provided at vertical intervals
of 2 m. Through such a channel, of length 9 m and gradient
1:5, the flow was measured as 0.6 m® s™!, the mean water
velocity 1.8 m s™!, and the mean depth 0.91 m. A shallower
depth of 0.61 m gave a flow of 0.28 m® s™* and fish have
been observed swimming up a Denil pass with a water depth
as shallow as 0.30 m. Approximate formulae presented
allow water flow and velocity to be estimated for passes
built at different slopes and to different scales, and graphs
presented allow flow and water depth to be estimated.

(6) As the Minister of Agriculture, Fisheries and Food is
legally required to Approve many fish pass proposals,
detailed site and engineering plans must be submitted.
These should show all crest and invert datum heights, the
expected range of upstream and downstream water levels,
and the water flow/frequency at the site. Ancilliary infor-
mation on factors effecting the operation of the fish pass
should also be included, e.g. operation of adjacent sluice
gates, type and behaviour of migratory fish, water tempera-
ture, ownership, fishing rights, etc. A satisfactory proposal
for a fish pass, which requires three complete sets of plans
(four sets if the site is privately owned), is given Provisional
Approval. After an agreed period (usually about 3 years)
the effectiveness of the pass is assessed and, if it is satisfac-
tory, full Approval is given.
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Appendix 1 Salmon and Freshwater Fisheries Act 1975,
Chapter 51, Part II, Sections 9-18.

Section 9. Duty to make and maintain fish passes
(1) Where in any waters frequented by salmon or migra-
tory trout —

(a) a new dam is constructed or an existing dam is
raised or otherwise altered so as to create increased
obstruction to the passage of salmon or migratory
trout, or any other obstruction to the passage of
salmon or migratory trout is created, increased or
caused; or
a dam which from any cause has been destroyed or
taken down to the extent of one-half of its length
is rebuilt or reinstated,
the owner or occupier for the time being of the dam or ob-
struction shall, if so required by notice given by the water
authority for the area and within such reasonable time as
may be specified in the notice, make a fish pass for salmon
or migratory trout of such form and dimensions as the
Minister may approve as part of the structure of, or in
connection with, the dam or obstruction, and shall there-
after maintain it in an efficient state.

(2) If any such owner or occupier fails to make such a fish
pass, or to maintain such a fish pass in an efficient state, he
shall be guilty of an offence.

(3) The water authority may cause to be done any work
required by this section to be done, and for that purpose
may enter on the dam or obstruction or any land adjoining
it, and may recover the expenses of doing the work in a
summary manner from any person in default.

(4) Nothing in this section —

(a) shall authorise the doing of anything that may
injuriously affect any public waterworks or
navigable river, canal, or inland navigation, or any
dock, the supply of water to which is obtained
from any navigable river, canal or inland naviga-
tion, under any Act of Parliament; or
shall prevent any person from removing a fish pass
for the purpose of repairing or altering a dam or
other obstruction, provided that the fish pass is
restored to its former state of efficiency within a
reasonable time; or
shall apply to any alteration of a dam or other
obstruction, unless —

(i) the alteration consists of a rebuilding or rein-
statement of a dam or other obstruction des-
troyed or taken down to the extent of one-
half of its length, or

the dam or obstruction as altered causes more
obstruction to the passage of salmon or
migratory trout than was caused by it as law-
fully constructed or maintained at any previous
date,

(b)

(b)

(©)

(i)

Section 10. Power of water authority to construct and alter
[ish passes

(1) Any water authority may, with the written consent of
the Minister, construct and maintain in any dam or in con-
nection with any dam a fish pass of such form and dimen-
sions as the Minister may approve, so long as no injury is
done by such a fish pass to the milling power, or to the
supply of water of or to any navigable river, canal or other
inland navigation.

(2) Any water authority may, with the written consent of
the Minister, abolish or alter, or restore to its former state
of efficiency, any existing fish pass or free gap, or substi-
tute another fish pass or free gap, provided that no injury
is done to the milling power, or to the supply of water of or
to any navigable river, canal or other inland navigation,

(3) If any person injures any such new or existing fish pass,
he shall pay the expenses incurred by the water authority
in repairing the injury, and any such expenses may be
recovered by the water authority in a summary manner.

Section 11.Minister’s consents and approvals for fish passes
(1) Any approval or consent given by the Minister to or in
relation to a fish pass may, if in giving it he indicates that
fact, be provisional until he notifies the applicant for appro-
val or consent that the pass is functioning to his satisfaction,

(2) While any such approval or consent is provisional, the
Minister may, after giving the applicant not less than 90
days’ notice of his intention to do so, revoke the approval
or consent.

(3) Where the Minister revokes a provisional approval given
to a fish pass forming part of or in connection with a dam
or other obstruction, he may extend the period within
which a fish pass is to be made as part of or in connection
with the obstruction.

(4) The Minister may approve and certify any fish pass if
he is of opinion that it is efficient in all respects and for all
purposes, whether it was constructed under this Act or not.
(5) Where a fish pass has received the approval of the
Minister, and the approval has not been revoked, it shall be
deemed to be a fish pass in conformity with this Act, not-
withstanding that it was not constructed in the manner
and by the person specified in this Act.

Section 12. Penalty for injuring or obstructing fish pass or
free gap

(1) If any person —

(a) wilfully alters or injures a fish pass; or

(b) does any act whereby salmon or trout are obstruc-
ted or liable to be obstructed in using a fish pass or
whereby a fish pass is rendered less efficient; or
alters a dam or the bed or banks of the river so as
to render a fish pass less efficient; or
uses any contrivance or does any act whereby
salmon or trout are in any way liable to be scared,
hindered or prevented from passing through a fish
pass,

(©)
(d)
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he shall be guilty of an offence, and shall also in every case
pay any expenses which may be incurred in restoring the
fish pass to its former state of efficiency; and any such
expenses may be recovered in a summary manner.
(2) The owner or occupier of a dam shall be deemed to
have altered it if it is damaged, destroyed or allowed to fall
into a state of disrepair, and if after notice is served on him
by the water authority in whose area the dam is or was situ-
ated he fails to repair or reconstruct it within a reasonable
time so as to render the fish pass as efficient as before the
damage or destruction.
(3) Ifany person —
(a) does any act for the purpose of preventing salmon
or trout from passing through a fish pass, or takes, or
attempts to take, any salmon or trout in its passage
through a fish pass; or
(b) places any obstruction, uses any contrivance or
does any act whereby salmon or trout may be scared,
deterred or in any way prevented from freely entering
and passing up and down a free gap at all periods of the
year,
he shall be guilty of an offence.
(4) This section shall not apply to a temporary bridge or
board used for crossing a free gap, and taken away immedi-
ately after the person using it has crossed.

Section 13. Sluices

(1) Subject to subsection (3) below, unless permission in
writing is granted by the water authority for the area, any
sluices for drawing off the water which would otherwise
flow over any dam in waters frequented by salmon or
migratory trout shall be kept shut on Sundays and at all
times when the water is not required for milling purposes,
in such manner as to cause the water to flow through any
fish pass in or connected with the dam or, if there is no
such fish pass, over the dam.

(2) If any person fails to comply with this section, he shall
be guilty of an offence,

(3) This section shall not prevent any person opening a
sluice for the purpose of letting off water in cases of flood
or for milling purposes or when necessary for the purpose
of navigation or, subject to previous notice in writing being
given to the water authority, for cleaning or repairing the
dam or mill or its appurtenances.

Section 14. Gratings

(1) Where water is diverted from waters frequented by
salmon or migratory trout by means of any conduit or
artificial channel and the water so diverted is used for the
purposes of a water or canal undertaking or for the purposes
of any mill, the owner of the undertaking or the occupier
of the mill shall, unless an exemption from the obligation
is granted by the water authority for the area, place and
maintain, at his own cost, a grating or gratings across the
conduit or channel for the purpose of preventing the descent
of the salmon or migratory trout,

(2) In the case of any such conduit or artificial channel the
owner of the undertaking or the occupier of the mill shall
also, unless an exemption is granted as aforesaid, place and
maintain at his own cost a grating or gratings across any
outfall of the conduit or channel for the purpose of preven-
ting salmon or migratory trout entering the outfall.

(3) A grating shall be constructed and placed in such a
manner and position as may be approved by the Minister,
(4) If any person without lawful excuse fails to place or to
maintain a grating in accordance with this section, he shall
be guilty of an offence,

(5) No such grating shall be so placed as to interfere with
the passage of boats on any navigable canal.

(6) The obligations imposed by this section shall not be in
force during such period (if any) in each year as may be
prescribed by byelaw,

(7) The obligations imposed by this section on the occu-
pier of a mill shall apply only where the conduit or channel
was constructed on or after 18th July 1923,

Section 15. Power of water authority to use gratings etc. to
limit movements of salmon and trout

(1) A water authority, with the written consent of the

Minister —

(a) may cause a grating or gratings of such form and
dimensions as they may determine to be placed
and maintained, at the expense of the authority,
at a suitable place in any watercourse, mill race,
cut, leat, conduit or other channel for conveying
water for any purpose from any waters frequented
by salmon or migratory trout; and
may cause any watercourse, mill race, cut, leat,
conduit or other channel in which a grating is
placed under this section to be widened or deep-
ened at the expense of the authority so far as may
be necessary to compensate for the diminution of
any flow of water caused by the placing of the
grating, or shall take some other means to prevent
the flow of water being prejudicially diminished or
otherwise injured.

(2) If any person —
(a) injures any such grating; or
(b) removes any such grating or part of any such
grating, except during any period of the year
during which under a byelaw gratings need not be
maintained; or
(c) opens any such grating improperly; or
(d) permits any such grating to be injured, or removed,
except as aforesaid, or improperly opened;

he shall be guilty of an offence.

(3) A water authority, with the written consent of the
Minister, may adopt such means as the Minister may
approve for preventing the ingress of salmon or trout into
waters in which they or their spawning beds or ova are,
from the nature of the channel or other causes, liable to be
destroyed.

(b)




(4) Nothing in this section shall —

(a) affect the liability under this Act of any person to
place and maintain a grating; or
authorise a grating to be so placed or maintained
during any period of the year during which under
a byelaw gratings need not be maintained; or
authorise any grating to be placed or maintained
so as to obstruct any conduit or channel used for
navigation or in any way interfere with the effec-
tive working of any mill;
and nothing in subsection (3) above shall authorise the
water authority prejudicially to interfere with water rights
used or enjoyed for the purposes of manufacturing or for
milling purposes or for drainage or navigation.

(®)

(c)

Section 16. Boxes and cribs in weirs and dams

(1) Any person who uses a fishing weir or fishing mill
dam for the taking of salmon or migratory trout by means
of boxes or cribs shall be guilty of an offence unless the
boxes or cribs satisfy the requirements specified in subsec-
tion (2) below.

(2) The requirements mentioned in subsection (1) above
are —

(a) the upper surface of the sill of the box or crib
must be level with the bed of the river;

(b) the bars or inscales of the heck or upstream side
of the box or crib —

(i) must not be nearer to each other than 2
inches;
(i) must be capable of being removed ; and
(iii) must be placed perpendicularly;

(c¢) there must not be attached to any such box or
crib any spur or tail wall, leader or outrigger of a
greater length than 20 feet from the upper or
lower side of the box or crib,

Section 17. Restrictions on taking salmon or trout above
or below an obstruction or in mill races

(1) Any person who takes or kills, or attempts to take or

kill, except with rod and line, or scares or disturbs any

salmon or trout —

(a) at any place above or below any dam or any
obstruction, whether artificial or natural, which
hinders or retards the passage of salmon or trout,
being within 50 yards above or 100 yards below
the dam or obstruction, or within such other dis-
tance from the dam or obstruction as may be
prescribed by byelaws; or
in any waters under or adjacent to any mill, or in
the head race or tail race of any mill, or in any
waste race or pool communicating with a mill; or

(b)

(¢) in any artificial channel connected with any such
dam or obstruction,

shall be guilty of an offence.
(2) Nothing in this section shall apply to any legal fishing
mill dam not having a crib, box or cruive, or to any fishing
box, coop, apparatus, net or mode of fishing in connection
with and forming part of such a dam or obstruction for
purposes of fishing.
(3) Where a fish pass approved by the Minister is for the
time being attached to a dam or obstruction, this section
shall not be enforced in respect of the dam or obstruction
until compensation has been made by the water authority
to the persons entitled to fish in the waters for that right
of fishery.

Section 18. Provisions supplementary to Part I1

(1) If any person obstructs a person legally authorised
whilst he is doing any act authorised by section 9, 10 or
15 above, he shall be guilty of an offence.

(2) The Minister shall not give a water authority his
consent —

(a) to the construction, abolition or alteration of a
fish pass or the abolition or alteration of a free gap
in pursuance of section 10 above; or

(b) to the doing of any work under section 15 above,

unless reasonable notice of the authority’s application
under the relevant section has been served to the owner and
occupier of the dam, fish pass or free gap, watercourse, mill
race, cut, leat, conduit or other channel, with a plan and
specification of the proposed work; and the Minister shall
take into consideration any objections by the owner or
occupier, before giving his consent.

(3) If any injury is caused —

(a) to any dam by reason of the construction, aboli-
tion or alteration of a fish pass or the abolition or
alteration of a free gap in pursuance of section 10
above; or

(b) by anything done by the water authority under
section 15 above,

any person sustaining any loss as a result may recover from
the water authority compensation for the injury sustained.
(4) The amount of any compensation under section 10, 15
or 17 above shall be settled in case of dispute by a single
arbitrator appointed by the Minister,

(5) In any case in which a water authority are liable to pay
compensation under this Part of this Act in respect of
injury or damage caused by the making or maintaining of
any work, compensation shall not be recoverable unless
proceedings for its recovery are instituted within two years
from the completion of the work.
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Appendix 2 Derivation of maximum swimming speeds for
fish of different lengths

(a) The general formula relating maximum swimming
speed to muscle twitch contraction time is given by Wardle
(1975) as

U=0.7L]2t e 0 |

where U is the maximum swimming speed, the factor 0.7
is a coefficient defining the distance moved through the
water for each body wave (stride length), L is the length
of the fish, and ¢ is the muscle twitch contraction time.

(b) The empirical formula relating muscle-twitch contrac-
tion time to length of fish was obtained by Zhou (1982)
after analysing 276 measurements of muscle contraction
times. Six species were included with lengths ranging from
0.05 m to 0.80 m, and temperatures ranged from 2°C to
18°C (maximum 30°C).

£ =0.1700L%42% +0.0028 log,T — 0.0425L %4258
x log, T — 0.0077

where T is the muscle temperature (° C).

Equation A2 gives the shortest possible muscle contraction
time and thus, when used with equation A1, the maximum
possible swimming speed. Figure 1 in the text was drawn
using equations Al and A2.
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Appendix 3 Derivation of endurance times for fish of
different lengths

The endurance of fish at various swimming speeds is pre-
dicted by relating performance to a limited energy store
(Zhou, 1982). As the speed exceeds the maximum cruising
speed the glycogen store begins to be depleted. An endur-
ance time is calculated by dividing the total energy store E
by the difference between the potential chemical power
P, required to drive the fish through the water at the
required speed, and the power P, being supplied by the red
muscle taking oxygen from the water.

Measurements have shown that the total energy store, or
glycogen level, in most rested teleost fish can be as high as
10 gram per kilogram of muscle. The metabolism of gly-
cogen by anaerobic glycolysis to lactic acid releases 558
joules for each gram of glycogen, so the maximum value of
E is 5580 J kg™ . If it is assumed that the average fish has
about 50% of its weight as muscle, the maximum value of
E becomes 1790 J kg™' of fish. The total energy store is
related to the length of a salmon by using the length/weight
relationship of W. M. Shearer (personal communication).
M =10.836 L2%* Thus,

E=1790x 10836159 L ieirenns
where L is the length of the fish (m).
The chemical power P, is calculated for a particular fish
length, speed and water temperature using the empirical
equation developed by Zhou (1982) which also takes the
drag force and efficiency of propulsion into account:
P,=09751 x e 00052.T y (2.8 y o105 A4
where, P, = chemical power (W),

U = swimming speed (m s™'),

" T = muscle temperature (°C).
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The maximum oxygen uptake rate for salmon is given by
Brett (1965; 1972) as 800 mg 0, kg™ h-'* (the weight
unit referred to is fish weight not muscle weight). One
milligram of oxygen can release 20 joules of energy, so that
the power supplied by red muscle in aeorobic swimming is
4.44 watts per kilogram of fish weight; hence

P,=444x 10836 L7, ... AS
where, P, = power from oxygen uptake (W).
The endurance time Ly, is calculated from
.............................. A6

where, t,,, = endurance time (s).

Maximum cruising speed U,. is important since it determines
the point at which aerobic swimming is no longer possible
and the glycogen store begins to be depleted. It is the
highest speed, theoretically, that can be maintained ad
infinitum, and is estimated by Zhou (1982) using the
following empirical equation:

Ur.' = 1.009] ¢0-001904.7" yo.4107 xPro.as'r

where U, is the maximum cruising speed (m s7!') and the
other symbols are as defined above.

Figure 2 in the text was drawn using equation A6.

References

Brett, J. R., 1965. The swimming energetics of salmon.
Scient. Am., 2/3: 80-85.

Brett, J. R., 1972. The metabolic demand for oxygen in
fish, particularly salmonids and a comparison with
other vertebrates. Resp. Physiol., 14: 151-170.

Zhou, Y., 1982. The swimming behaviour of fish in towed
gears; a reexamination of the principles. Scott. Fish.
Work. Pap., Dept. Agric. Fish. Scotl., (4), 1-55.

* It is customary now to express oxygen consumption in
terms of milligrams of oxygen since gaseous exchange is
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1 mg0, =0.70 cm® 0, or 1 em® 0, = 1.43 mg0,.
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GUIDE POUR LA CONCEPTION DES DiSPCSITIFS
DE FRANCHISSEMENT DES BARRAGES
POUR LES POISSONS MIGRATEURS

M. LARINIER

RESUME

L'auteur rappelle dans cette note les principes de base devant guider le projeteur
jors de la conception des ouvrages de franchissement de barrages ou d'obstacles pour les
poissons migrateurs. L'accent est mis sur 'importance de la situation et de |'attractivité
de ces ouvrages. Les principes de fonctionnement et les criteres de dimensionnement
des différents types de passes (passes a bassins successifs, passes a ralentisseurs,
écluses et ascenseurs) sont évoqués. Dans la derniére partie sontrecensés les éléments
4 prendre en compte lors de |'établissement d'un projet de passe.

SUMMARY

The author outlines in this paper the basic principles which can be used as a guide
for planning fish passage facilities at dams or obstructions. Special reference is made to
the attraction of fishways entrances. Information is presented concerning functional
features and design parameters for different types of fish facilities: pool passes, Denil
fishways, fish locks and fish lifts. The author has compiled in the last section a list of data
required for planning fish facilities.

AVERTISSEMENT

Ce document tente de situer de facon trés concise le probleme des passes a
poissons dans son ensemble. |l ne prétend pas, malgré queiques exempies, répondre a3
tous les problémes concrets qui peuvent se poser, en particulier sur les grands cours
d'eau. Le lecteur se reportera, pour plus de détails, aux ouvrages, rapports ou
publications - parus ou 3 paraitre - mentionnés dans la suite.

| - GENERALITES SUR LES PASSES
1.1. Quel est le principe des dispositifs de franchissement?

Le principe général des dispositifs de franchissement consiste a attirer les
migrateurs en un point déterminé du cours d'eau a |'aval de I'obstacle et a |es inciter,
voire & les obliger & passer en amont, en leur ouvrant une voie d'eau (passes a poissons
stricto-sensu) ou en les piégeant dans une cuve et en déversant celle-ci en amont
(systemes de piégeage et de transport).

Les vitesses et les hauteurs de chute dans les passes doivent rester compatibles
avec les capacités de nage et de saut des espéces concernées: les passes doivent
permettre le passage de tous les poissons et non pas seulement celuides "' athlates ",

Il convient aussi de prendre en considération d'autres parametres, comme la
turbulence, I'éclairement, le bruit, etc. qui peuvent influer considérablement sur le
comportement du poisson. |l est beaucoup plus délicat de concevoir des ouvrages de
franchissement efficaces pour certaines espéces particulierement exigentes, comme
I'alose, que pour d’autres, comme les salmonidés en general.
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de ces ouvrages. Les principes de fonctionnement et les criteres de dimensionnement
des différents types de passes (passes a bassins successifs, passes a ralentisseurs,
écluses et ascenseurs) sont évoqués. Dans la derniére partie sontrecensés les éléments
4 prendre en compte lors de |'établissement d'un projet de passe.

SUMMARY

The author outlines in this paper the basic principles which can be used as a guide
for planning fish passage facilities at dams or obstructions. Special reference is made to
the attraction of fishways entrances. Information is presented concerning functional
features and design parameters for different types of fish facilities: pool passes, Denil
fishways, fish locks and fish lifts. The author has compiled in the last section a list of data
required for planning fish facilities.

AVERTISSEMENT

Ce document tente de situer de facon trés concise le probleme des passes a
poissons dans son ensemble. |l ne prétend pas, malgré queiques exempies, répondre a3
tous les problémes concrets qui peuvent se poser, en particulier sur les grands cours
d'eau. Le lecteur se reportera, pour plus de détails, aux ouvrages, rapports ou
publications - parus ou 3 paraitre - mentionnés dans la suite.

| - GENERALITES SUR LES PASSES
1.1. Quel est le principe des dispositifs de franchissement?

Le principe général des dispositifs de franchissement consiste a attirer les
migrateurs en un point déterminé du cours d'eau a |'aval de I'obstacle et a |es inciter,
voire & les obliger & passer en amont, en leur ouvrant une voie d'eau (passes a poissons
stricto-sensu) ou en les piégeant dans une cuve et en déversant celle-ci en amont
(systemes de piégeage et de transport).

Les vitesses et les hauteurs de chute dans les passes doivent rester compatibles
avec les capacités de nage et de saut des espéces concernées: les passes doivent
permettre le passage de tous les poissons et non pas seulement celuides "' athlates ",

Il convient aussi de prendre en considération d'autres parametres, comme la
turbulence, I'éclairement, le bruit, etc. qui peuvent influer considérablement sur le
comportement du poisson. |l est beaucoup plus délicat de concevoir des ouvrages de
franchissement efficaces pour certaines espéces particulierement exigentes, comme
I'alose, que pour d’autres, comme les salmonidés en general.
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1.2. Queis sont les différents types de passes a poissons?

il existe dans le monde une infinite de types de passes qu’il st cependant possibie
de regrouper en quelques catégories.

La passe dite ""rustique ' consiste arelier biefs amont etaval par unchenalcreuse
dans I'une des rives, chenal dont le fond et les parois sont garnis de rugosités ou
d'obstacles imitant en quelque sorte un ruisseau naturel. La pente d'un tel ouvrage ne
depasse pas quelques pour cent.

Le type de passe qui a éte |e plus souvent utilisé est incontestablement la passe a
bassins successifs dont le principe consiste a diviser |a hauteur a franchir en plusieurs
petites chutes formant une série de bassins communiquant entre eux par des déversoirs
- minces ou épais -, des orifices ou des fentes verticales. Les bassins jouent un double
role: zones de repos éventuelles pour les poissons, ils assurent egalement une
dissipation convenable de |'énergie de |'eau transitant dans la passe. Il est donc
importantde dimensionner correctement les bassins; la dénivellation entre deux bassins
successifs est a déterminer en fonction des especes migratrices considerées.

L'écluse & poissons (ou écluse " Borland ") fonctionne suivant un principe voisin
de celui d'une écluse de navigation : les migrateurs sont piégés dans un sas puis éclusés
comme l|e serait un bateau.

D’autres dispositifs consistent a piéger les migrateurs dans une cuve puis a les
transporter a I'amont, soit par voie d'eau (s'il existe une écluse de navigation), soit par
ascenseur ou funiculaire, soit encore tout simplement par camion.

Dans les échelles a ralentisseurs - ou " Denil ", du nom de |leur inventeur - sont
disposés sur le fond et/ou sur les parois d'un canal a forte pente (jusqu’a 20 %) des
déflecteurs de formes plus ou moins complexes destinés a reduire les vitesses moyennes
de |'écoulement.

1.3. Existe-t-il un type de passe plus efficace que les autres?

Il n'existe pas de type de passe plus efficace que tous les autres. L'expérience
montre que de nombreuses passes a bassins, & ralentisseurs, de méme que des
ascenseurs se sont également révélés efficaces - ou inefficaces. La point le plus délicat
dans la conception d‘un dispositif de franchissement ast en effet moins le choix du
type de passe - il existera souvent plusieurs solutions susceptibles de donner
satisfaction - que la nécessité d’attirer tous les migrateurs vers son entrée le plus
rapidement possible lorsqu’ils arrivent sur |'obstacle.

L'attractivité d’un dispositif de franchissement est liée a la situation de |'entréee et
aux conditions hydrodynamiques (débits, vitesses, lignes de courants) au voisinage de
cette entrée, qui ne doit étre masquée ni par des écoulements provenant des turbines
ou des ouvrages évacuateurs, ni par des zones de recirculation ou d'eaux mortes.

L'écoulement provenant de la passe doit étre décelable par le poisson a partir
d'une distance de |'entrée la plus grande possible. C'est pourquoi il est indispensable de
créer au niveau de cette entrée des vitesses élevées, vitesses devant cependant rester
compatibles avec le passage de toutes les espéces migratrices concernees. On peut
adopter comme vitesse minimale au droit de |'entrée une valeur de |'ordre du
metre/seconde, |a vitesse optimale pour les salmonidés étant de |'ordre de 2 m/s.

Un soin particulier doit étre apporté a la conceptionde |'entréed’une passe lors de
I"élaboration d’un projet, en particulier sur les grands cours d'eau : on vérifiera que les
vitesses a ou aux entreées restent suffisamment élevées pour les différentes conditions
du niveau aval susceptibles d’'étre rencontrées en période de migration.

De facon générale, des vitesses suffisantes peuvent étre maintenues en agissant
sur les sections d'écoulement (en " pingant " plus ou moins I"écoulement au niveau de
I’entrée) et en modulant le débit dans |'ouvrage de franchissement suivant les conditions
de niveau d'eau a l'aval de |'obstacle.

1.4. Comment choisir I'implantation d’une passa?

Pour un barrage existant - ou un obstacle naturei comme un rapide - il est possible
d'observer et de noter le ccmportement des migrateurs, c'est-a-dire leur route de




migration, ieurs zones de siabulation 2t es points du barrace ou 5 effectuenrt es
tentatives ce franchissement. Ces indications aideront a choisir la situation d2 1'antree.
ae ia passe.

Dans le cas d'un ouvrage n projet, on ne peut faire que ges Nvpotneses sur .2
comportement du poisson et seule |'experience du projeteur 2ntre en ligne ce compte.

Le poisson a tendance a remonter dans le courant le plus & I'amont possible.
jusqu’a ce qu'il soit arrété par une chute d'une hauteur infranchissable ou par des
courants ou des turbulences trop violents.

En regle générale, il convient donc d'installer I'entrée de la passe le pius ores
possible du point ou de la ligne de plus haute remontée du migrateur (Fig. 1 et 4),

Dans le cas d’'un aménagement hydro€lectrique, lorsque tout le débit est turping,
ies migrateurs seront geénéralement attirés vers les aspirateurs des turbines. |l
conviendra donc d'installer I'entrée de la passe du cété de |'usine (Fig. 2 et 3).

Il est possible de collecter les poissons sur toute la largeur de |'usine en installant
un canal collecteur comportant une série d’'entrées au-dessus des aspirateurs des
turbines (Fig. 5).

On peut é&tre amené 3 prévoir non seulement plusieurs entreées, mais aussi
plusieurs dispositifs de franchissement différents. Dans le cas d'un amenagement
hydroélectrique comportant un barrage de retenue équipé d'ouvrages évacuateurs etun
canal de dérivation court-circuitant le cours d’eau sur lequel st implantée |'usine, e
migrateur peut se présenter soit du cote de |'usine, au pied des turbines, soit du cote du
barrage lorsque celui-ci déverse: il conviendra donc d'envisager deux dispositifs de
franchissement totalement indépendants, chacun compaortant éventueilement piusieurs
entrees.

Le comportement du migrateur n’'est pas le seul facteur a considerer dans le choix
de I'implantation de la passe : il convient de prendre en compte |'exposition de |a passe
aux crues, sa.protection contre les corps flottants, et son accessibilite de fagon a assurer
sa surveillance, son contrdle et son entretien. Une passe a poissons @st un ouvrage
hydraulique, au méme titre qu'une prise d’'eau, et il est necessaire d'assurer son
entretien, si fastidieux soit-il, faute de quoi elle ne pourra jouer convenablement son rdle.

La protection des passes contre les corps flottants s'effectue par les moyens
classiques employés sur les ouvrages hydrauliques: dréme flottante, grille a barreaux
suffisamment espaceés (de 25 3 30 cm pour permettre le passagedes gros migrateurs); on
peut utiliser aussi des écrans en magonnerie ou en béton, des rangeesde rails, voire des
palplanches battues a I'amont de {"échelle.

Sur les cours d’eau transportant de nombreux arbres ou branches en periode de
crue, il est important de rendre la passe aisément accessible pour faciliter I'entretien et
les réparations. A cet égard, les passes situées en rive sont preférables a celles
implantées dans le corps méme des déversoirs ou des seuils.

La sortie de la passe (sortie pour le poisson, donc partie amont de |a passe)ne doit
se trouver nidans une zone de forte vitesse, a proximité d'un ouvrage evacuateur, (vanne,
déversoir) afin que le poisson ne risque pas d'étre entraine de nouveau a l'aval, nidans
une zone d’'eau morte ou de recirculation dans laguelle le poisson peut se trouver piege.

1.5. Quel débit faut-il consacrer au fonctionnement
d’une passe a poissons?

Le dispositif de franchissement doit étre a I'échelle du cours d’eau. En particulier,
le debit aux entrées du ou des dispositifs de franchissement doit étre a |'échelle des
débits du cours d'eau en periode de migration (de |'ordre de 1 a 59). |l est cependant
possible de ne faire transiter qu'une partie du débit par la passe : le débit supplémentaire
nécessaire a |'attraction est alors injecte a basse pression (*) dans le trongon aval de la

(*) Lorsque certaines contraintes liees au site - en particulier sur des ouvrages existants
- obligent a implanter I'entrée de la passe en retrait des écoulements principaux, il
est possible d’'utiliser une fraction du deébit d'attrait sans dissipation d'énergie
préalable sous forme de jets & fortes vitesses.



passe ou a |'antree méme au cispositf. Catte adjenclion Je Gedit Deul e ‘aire zar
I'intermeaiaire a'un aiffuseur lateral ou a'un ciffuseur 2e ‘'ond 1F:g. 31, L3 vitesseae l'=3u
a travers les grilles installees en sortie de ces diffuseurs doit rester suffisamment faidie
1< 0,30 m/s) par rapport aux vitesses cans la passe de facon a rne pas perturber e
comportement du migrateur.

Le debit supplémentaire d'attraction est fourn: soit par gravite, apres dissipation
de I'energie dans un bassin, soitsur les grosses installations par pompage & partir du bief
aval ou par passage dans une ou plusieurs petites turtines speciales afin de reduire les
pertes en eénergie.

1.6. Existe-t-il une passe-typae pour un obstacle
de caractéristiques données ?

Il serait tentant de ranger les différents obstacles en plusieurs classes - suivant
leur hauteur par exemple - etde proposer pour chacune d'elles et en fonction des especes
migratrices un type de passe approprie,

La multiplicité des contraintes et des facteurs (dordre biologique, hydrologique,
hydraulique, topographique...) fait que chague situation est un cas d'espece et
I'expérience montre qu'une telle classification rigide est susceptible au contraire
d'entrainer de grossiéres erreurs.

Les gquelgues points suivants aideront a déterminer pour une situation donnée le
type de passe qui convient le mieux.

1.6.1. Des solutions sommaires comme échancrures, passes &n echarpe - ou
diagonales - (Fig. 7) ou passes en entonnoir - ou goulottes - (Fig. 8) doivent rester
limitées :

— aux obstacles de faibles hauteurs (1 4 1,50 m pour les deux premiéres, 1,504 2 m pour

la troisieme) devenant aisément franchissables en eaux moyennes ou hautes ()
— aux migrateurs les plus robustes (saumons, truites de mer et, a ia rigueur, truites)
et cela uniquement lorsque la situation locale rend, pour diverses raisons, la construction
d'une passe proprement dite difficile.

Dans le cas de barrage a parement aval vertical, il suffit, pour favoriser ie
franchissement en eaux basses des espéeces qui sautent, d'aménager une bréche
permettant d'assurer une lame d'eau d’'une épaisseur suffisante. Le poisson ne peut
cependant sauter que s'il dispose d'une profondeur d'eau suffisante pour prendre un
"appel " au pied de |'obstacle : la présence d'enrochements au pied d'un barrage peut
interdire son franchissement par le migrateur.

Dans le cas de barrage a parement aval incliné, I'eau s’étale en nappe mince, ce
qui peut rendre le passage du poisson impossible en basses eaux. |l suffit genéralement
d’'augmenter par un moyen quelconque |'épaisseur de la lame d’eau - en concentrant e
debit - pour rendre l'obstacle franchissable: on utilise soit une écharpe disposée
diagonalement sur le parement aval du barrage, soit une goulotte taillee dans ce meme
parement.

Il ne faut cependant pas donner a ce type d'ouvrage une longueur trop importante
sous peine d'imposer un effort exagéré au migrateur qui doit le franchir d'une seule
traite.

(*) Certains seuils en enrochement, bien que de hauteurs modeérées (1,50 4 2,50 m)
peuvent rester pratiquement infranchissables en eaux moyennes ou hautes dans la
mesure ou, la chute ne diminuant que tres progressivement lorsque le débit
augmente, les vitesses et les turbulences au droit du seuil restent incompatibies
avec le passage du poisson. |l s'agit en particulier de certains seuils, destines a fixer
le lit mineur de cours d'eau destabilises suite a des extractions intensives de
materiaux alluvionnaires, gqui "pincent” I'écoulement de facon a concentrer
localement une dissipation d’énergie compensant |'abaissementde la ligned’eauen
aval.



On peut considérer une vingtaine de metres comme un Maximum 3 nNe 023s
dépasser pour une ecnarpe alors qu'on limitera 'a longueur d'une gouiciie 3 unedizaine
de metres.

Pour ces deux types de passes (écnarpe a2t goulotte), il 2st 2ssentiel d'éviter es
ruptures de pente susceptibles de bloquer le migrateur. Las profils concaves, en
particulier ceux cré€s par les renaussements de vieux barrages a parement aval inciine,
sont particulierement néfastes aux migrateurs qui se trouvent arretes le plus souventaia
cassure de pente existant au niveau de la hausse.

1.6.2. Les passes a ralentisseurs ont une possibilité d'adaptation a une trés
grande variété de sites. Elles présentent un intérét particulier:
— pour le saumon et la truite de mer
— pour les obstacles de hauteurs moderées (<2,50m environ)
— pour les ouvrages existants, dans la mesure ou il est beaucoup plus faciie d'intégrer
ce type de passe dans le corps de |'ouvrage qu'une passe a tassins successifs
dimensionnée pour un débit identique.

L'installation de ce type de passe perd geénéralement de son intérét lorsque la
hauteur de |'obstacie & franchir devient plus importante: la nécessité de prévoir des
bassins de repos (tous les deux meétres de chute environ) augmente la longueur du
dispositif et peut rendre aussi intéressante l'installation d'une passe a bassins
successifs.

Certains types de passes a ralentisseurs (ralentisseurs de fond en chevrons épais
par exemple) peuvent atre utilisés comme glissiéres a canoe-kayak dans la mesure
gvidemment ou leur iargeur le permet (1,40 m minimum).

1.6.3 Lorsqu’on a affaire & plusieurs espéces migratrices, (saumons, truites de
mer, truites, poissons blancs, etc.),la passe a bassins successifs semble étre la meilleure
solution, moins sélective que la plupart des passes a ralentisseurs.

On distingue quatre types de passes a bassins successifs:

— les passes a parois ou échancrures déversantes,

— les passes a orifices noyeés,

— les passes mixtes (parois ou échancrures déversantes et orifices) (Fig. 9),
— les passes 4 fentes verticales (Fig. 10).

De fagon générale, la passe A orifices noyés présente peu d'intérét. La passe a
fentes verticales ne convient que pour les deébits importants (supérieurs a 1m3/s
environ) et n'offre d'intérét que lorsque les fluctuations des niveaux amont et aval sont
importantes.

Les passes a bassins & échancrures déversantes, associées ou non a des orifices
de fond, sont les plus intéressantes car eiles s'adaptent a de nombreux cas de figure
(débitdisponible de quelques dizaines de litres 4 plusieurs m3/s)et, dans la mesure ou les
échancrures sont suffisamment profondes, a des variations du niveau amont
relativement importantes.

1.6.4. Pour les ouvrages de hauteurs importantes, |'installation d’un ascenseur
{Fig. 13) ou d'une écluse Borland (Fig. 12) est plus facile et beaucoup moins colteuse que
celle d'une passe classique. La complexité de leur fonctionnement (présence de
nombreux organes mobiles - vannes, cuves, grilles - automatisés) se traduit cependant
par des coults de maintenance élevés. C’'ast la raison pour laquelle on peut leur preférer
dans certains cas des passes 'statiques’ d'un geénie civil plus colteux mais d'un
entretien moins lourd.

Un ascenseur est généralement préférable a une écluse Borland : le probleme de
I‘attractivité est identique, mais les poissons piégés dans la cuve de |'ascenseur
passeront obligatoirement a I'amont, ce qui n'est pas forcément le cas pour les poissons
piégés dans la chambre ava! d'une écluse Borland (a moins de disposer dans le puits



vertical de !'3cluse un carrelet suivant le niveau ce '2au 2t cbligeant Ies poissons a
remonter lorsque |'écluse se remolit).

1.6.5. L'expérience frangaise sur les dispositifs de franchissement pour les

aloses est actuellement trés limitée. Les quelaues observations effectuées sur le Rhéne
et la Garonne indiqueraient un comportement migratoire trés proche de celui de la
grande alose d’Amérique du Nord pour laquelie il existe un certain nombre de passes
efficaces.

Les aloses migrent en bancs et il semble important de ieur offrir un passage le plus
large possible.

Les entrées principales des dispositifs de franchissement doivent se trouver le long
des rives.

Les aloses éprouvent beaucoup plus de répuision a s’'engager et franchir une passe
que les salmonidés. Eiles font géneéralement piusieurs va-et-vient (' fall-back
activity ) dans le dispositif avant de passer en amont.

Le meilleur type de dispositif de franchissement pour l'alose est I'ascenseur
mécanique dans la mesure ou I'on eststr que les migrateurs passeronten amontune
fois attirés au pied du dispositif.

Lorsque |'obstacle ne se préte pas a I'installation d’un ascenseur, il est préférable,
dans I’état actuel des connaissances du comportement de |'alose, d'éviter les passes
3 ralentisseurs (* etde choisir une passe & bassins successifs a parois déversantes, a
échancrures latérales ou a3 fentes verticales, sous réserve des dispositions
suivantes,

- Les échancrures et les fentes doivent étre suffisamment larges (de I"ordre de 0,40
4 0,50 m minimum) et situées le long des.parois {risque de piégeage des aloses
dans les encoignures). E

- Il convient d'éviter la formation de jets plongeants en prévoyant, soit des
échancrures en plan incliné assurant un guidage de la lame d'eau, soit des
échancrures en mince paroi mais suffisamment noyées par |'aval de telle sorte
que l'alose puisse passerd’un bassin a |'autre en nageant dans la lame d'eau.

Les passes a bassins successifs a orifices noyés se sont averées de fagon génerale
inefficaces pour |'alose, celle-ci ne cherchant pas a s'engager dans les orifices situes
trop en profondeur.

L'alose ne sautant pas, I'entrée des passes doit se trouver suffisamment immergee
de facon que le migrateur puisse y pénétrer en nageant (Cote du fond de |'ouverture
d'entrée située a 0,50 - 0,60 m au-dessous du niveau aval).

[l convient d'éviter la présence de zones d'eau morte dans tout dispositif de
franchissement; en particulier, dans les parties aval des passes susceptibles d'étre
noyées, on prendra garde a conserver des vitesses suffisantes (0,30 m/s minimum)
afin d'inciter le migrateur a passer a I'amont.

Bien qu'il existe. aussi bien en France qu aux Etats-Unis et au Canada, plusieurs
passes a ralentisseurs (ralentisseurs plans ou Lachadenede) empruntees par ies
aloses, ii est difficile de se prononcer de fagon objective sur I'efficacite de tels
dispositifs pour ces especes.
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Figure 3 : Implantation d'une passe dans le cas d’une usine hydroélectrique
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2. LES PASSES A BASSINS SUCCESSIFS

2.1. Types

— Parois déversantes {deversement tout au long de lacloison separant deux bassins)ou
eéchancrures

— Orifices noyes

— Mixte (parois déversantes ou échancrures + arifices)

— Fentes verticales (une ou deux fentes)

2.2. Dénivellation entre deux bassins (DH)

2.2.1. Passesaparoisou échancrures déversantes a jets plongeants: (le poisson
doit sauter dans la lame d'eau pour passer d'un bassin a |'autre)
Saumons et truites de mer: de 0,30 3 0,60m ; de préférence: 0,30 - 0,40m
Truites . de 0,30 3 0,45m ; de préférence: 0,30m
Aloses et Poissons blancs ' & éviter.

2.2.2. Passes a parois déversantes, a échancrures et passe mixte a jet de
surface : (le poisson peut passer d'un bassin a I'autre en nageant dans la lame d’eau)

Saumons et truites de mer: de 0,30 4 0,45 m ; de préférence 0,30 - 0,40m

Truites : environ 0,30 m
Aloses :de 0,20 2 0,30 m ; de préférence: 0,20 - 0,256 m
Poissons blancs -de 0,153 0,30m

{suivant les especes)

2.2.3. Passes a orifices noyés
Identiques & 2.2.2.; A éviter pour |'alose.

2.2.4. Passes a fentes verticales
Saumons, truites de mer,

truites 0,30m
Aloses: de 0,20 a 0,30 m ; de préférence : 0,20 - 0,25 m
Remarques:

On a rarement intérét a trop augmenter des chutes entre deux bassins {sauf peut-
étre a I’'entrée de la passe pour rendre celle-ci plus attractive); on verra, en effet, que le
volume utile des bassins doit étre proportionnel & cette chute.

Dans le cas des passes a fentes verticales, ce ne sont pas les vitesses de nage des
migrateurs qui limitent la chute entre deux bassins, mais la nécessité de réduire les
vitesses dans les fentes de fagon que celles-ci, compte tenu du débit, soient suf-
fisamment larges pour permettre le passage des migrateurs.

2.3. Volume utile (volume d’eau) des bassins (V)

Basé sur une puissance dissipée maximale par unité de volume d’eau dans les
bassins (P/V) comprise entre 150 et 200 watts/m3.

PV _9810x Q x DH

L x B x Tmoy
P/V : puissance dissipée par unité de volume (watts/m?3)
Q . débit dans la passe (m3/s)
DH . chute entre deux bassins (m)
L . longueur des bassins {m)
B . largeur des bassins (m)

Tmoy: profondeur d’eau moyenne dans le bassin pour le débit considéré (m)

Grosses passes 4 saimonidés : prendre 200 watts/m?
Petites passes, passes 4 aloses : prendre 150 watts/m?

. Si la passe ne comporte que quelques bassins, des valeurs sensiblement plus
importantes de P/V peuvent étre prises pour les salmonidés.



2.4. Dimensions des bassins (L, B)

La forme optimale des bassins - leur voiume utile étant fixé - est liee 3 la
configuration et a |'orientation des jets, c'est-a-dire au mode de communication enire
bassins (formes et dimensions des fentes, orifices ou échancrures, niveauxd’eau de part
et d’autre de la cloison). Il convient d'éviter les phénomenes de "' court-circuit ”, c'est-a-
dire le passage directd’un jet a forte vitesse d'un bassin au suivant sans dissipationd'une
fraction suffisante de son énergie cinétique. A |'opposé, les jets ne doivent pas heurter
trop violemment les parois car cela peut perturber le comportement du migrataur.

De fagon générale, il estpréférable de ne pas trop s'écarter des caractéristiques de
passes existantes at ayant démontré leur efficacité. Pour ces passes, la longueur L est
généralement comprise entre 7 et 12d, d etant:

— Passe 4 échancrures: valeur la plus petite de la largeur de I'échancrure ou de la
charge sur |'echancrure

— Passe 3 parois déversantes; charge sur la paroi

— Passe a fentes verticales: largeur de la fente

— Passe 3 orifices noyés - diametre ou plus petite dimension de |'orifice.

2.5. Dimensions minimales des échancrures, des orifices et des fentes

1. Echancrures * et fentes

Saumons, truites de mer :0,30 - 0,40m
Aloses : 0,40 - 0,50 m (le long des parois)
Truites, poissons blancs ** : 0,20 m

2, Orifices

Saumons, truites de mer :0,10a 0,15 m?
Truites, poissons blancs **: 0,05 4 0,10 m?

2.6. Estimation des débits et calage des passes a bassins

Les formules usuelles d’hydraulique donnant les débits au-dessus des déversoirs
(épais ou en mince paroi, avec ou sans contraction, noyés ou dénoyés suivant |e cas et a
travers les orifices permettent de déterminer de fagon approchée le débitdans une passe
en fonction des caractéristiques des cloisons (dimensions des échancrures, fentes et
orifices), du calage de la passe (cotes de déversement des échancrures ou des fentes,
dénivellation entre deux cloisons successives) et des niveaux d’'eau amont et aval.

Il est nécessaire d’étudier le comportement hydraulique de la passe (évolution du
débit, de la puissance dissipée par unité de volume, des chutes entre bassins) pour les
différentes conditions de niveaux amont et aval en période de migration.

Si, 4 partir d'un certain niveau a I’'amont, les conditions hydrauliques deviennent
incompatibles avec le passage du poisson, il convient de prévoir un dispositif de
régulation en amont ou de se tourner vers un autre type de passe.

Lors du contréle du débit en amont d'une passe, il faut veiller & ne pas créer
localement une singularité (chute, mise en vitesse) susceptible de bloguer le migrateur.
C’est pourquoi ce contrdle ne peut généralement s'effectuer qu'en intervenant sur
plusieurs bassins dans la partie amont de |a passe (succession de déversoirs réglables,
section amont a fentes verticales ou a orifices noyés).

*  Lorsque le poisson doit passer d'un bassin a I'autre en sautant, adopter des valeurs
sensiblement plus grandes (0,50 m pour les saumons et truites de mer et 0,30 m
pour les truites)

** Gjces dimensions devraient convenir a la majorité des espéces de poissons blancs, il
est possible qu'elles se revéelent insuffisantes pour certaines espéces particulieres,
comme le brochet, dont on connait peu le comportement dans les passes.




4 et sunt 3 Jetarminer an
tonccion les variacions Jes
ALVedux 4mont o€ aval

0 | Débit (@ /s) 0,125 0,250 0,500

L Longueur (m) 2,0C 2,50 3,00

B Largeur (m) 1,25 1,50 1,80
Tmoy Profondeur moyenne (m) 1,00 1,30 1,55

b Largeur &chancrure (m) 0,20 0,30 0,40

p Pelle (m) d 0,73 0,90 0,95

Hl Charge sur échancrure (m) 0,42 | 0,55 0,75
cxd Dimensions orifice (m) 0,15 x 0,15 0,2 x 0,2 0.3% 0,3

DH Denivellation entre 2 bassins (m 0,30 0,30 , 0,30

Figure 9 : Passe a bassins a échancrures latérales et orifices noyés (d'aprés
LARINIER et MIRALLES)



g2 Largeur du bassin 1.80 2,40 3.00
L Longueur du bassin 2,75 a 3,00 300 5.00
b Largeur de la lente 0.30 " 0.30 D.GGI
B -D-v Angle du detlecteur central 0.8 018 3 0.20 0,40
E Distance du dellecteur a la paroi 0.24 .25 a 152 110
F Longueur du deéflecteur de paroi 0.40 040a 063 0.34
G Decaiage des deflecteurs 0.14 0,14 0.30

Coefficient de debit . varie e 0.75 a 0,82

Oenwellation par bassin: maximum 0.30m

Nota : les cotes sont données en métres

Figure 10: Caractéristiques des passes a fentes verticales (d'apres BELL)




3. ECLUSES ET ASCENSEURS

3.1. Une écluse (Fig. 11) se compose d'une chamtre amont située au niveau de la
retenue reliée 3 une chambre aval de grandes dimensions par un conduit incline cu un
puits vertical. A chaque extremite des chambres sontinstallees desvannes, lapiupartdu
temps automatisees.

3.2. Le cycle de fonctionnement peut se résumer ainsi:

— Phase d‘attrait: le migrateur est attiré dans la chambre aval, le débit dans I'écluse
gtant controlé par la vanne amont.

— Phases de remplissage et de sortie: la vanne aval est fermée, le poisson suit la
surface libre lors du remplissage de |'écluse. On incite le poisson a passer dans la
retenue en établissant un courant d‘attrait par I'ouverture d'un by-pass dans la
chambre inférieure.

— Phase de vidange: au bout d'un certain temps, on procéde a la réouverture de la
vanne aval et 3 lavidange de |'écluse. Cette vidange doit étre suffisamment lente pour
éviter de trop fortes mises en vitesse a I'entrée de |'écluse.

3.3. L'efficacité d'un tel dispositif est liée non seulement a son attractivité {*),
mais aussi au comportement du poisson dans |'écluse qui doit demeurer dans lachambre
aval pendant toute la phase d'attrait, suivre le niveau de I'eau lors de la phase de
remontde et sortir de I'écluse avant la vidange. A cet égard, il est necessaire que les
vitesses et les turbulences dans la chambre aval restent acceptables. Il faut d’autre part
éviter un remplissage trop rapide entrainant des turbulences exagérees et un fort
entrainement d’air a la surface qui peuvent inciter le poisson a rester dans la chambre
inférieure.

Il est impaossible de déterminer a priori quelles seront les conditions hydrauliques
optimales pour les migrateurs. C’est pourquoi il convient de donner au fonctionnement
de I'écluse un maximum de flexibilité (dans |a durée de chaque phase du cycle, dans le
degreé et le temps d’ouverture des vannes amont et aval, etc.).

3.4. Malgré ces précautions, de nombreuses écluses se sontrévélées peu ou pas
efficaces. Ces difficultés, tenant au comportement de certaines especes, ont eté
tournées aux Etats-Unis et en U.R.S.S. de la fagon suivante (Fig. 12):

— Les migrateurs sont piégés dans un vaste bassin de stabulation situé au pied de
I"écluse.

— lls sont ensuite poussés dans le sas & |’aide d'une grille mobile fixée sur un chariot
se déplacant sur des rails horizontaux le long des parois latérales du bassin.

— Un carrelet mobile suivant le niveau de |'eau lors de la période de remplissage oblige
les poissons a passer a |'amont.

3.5. Le principe de I'ascenseur est trés voisin du systéme précédent : il consiste a
piéger les migrateurs dans une cuve au pied de |'obstacle, puis a élever et déverser celle-
ci a 'amont.

(*) Comme pour tout dispositif de franchissement, |'écluse doit étre bien située. Son
débit étant généralement limité a quelques centaines de litres/seconde, il peut
s'avérer nécessaire de prévoir un débit auxiliaire d’attrait. La vanne aval doit étre
asservie au niveau d'eau aval pour conserver des vitesses suffisantes a l'entree
lorsque ce niveau varie. |l est enfin préférable d'éclairer la chambre inférieure de
fagon & assurer une transition au point de vue éclairement entre le milieu extérieur
et I'écluse.



Pour garantir une efficacité suffisante cu cispositif, comme aans ie cas de ['éciuse,
il est preférable :
— soit d’'empécher les migrateurs de sortir de la cuve une fois au’ils y ont pénetre
(systeme de V ou grille anti-retour)

— soit d'attirer et de piéger les migrateurs dans un vaste bassin de stabulation puis de
les obliger a passer au-dessus de 4a cuve en les poussant & |'aide d'une grille
mobile (Fig. 13).

3.6. Que ce soit pour un ascenseur ou une ecluse, la conception de la prise d'eau
pour le débit dattrait peut s'avérer délicate en cas de fort marnage de la retenue amont et
surtout de stratification thermique ou chimique de cette derniére.
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4. LES PASSES A RALENTISSEURS

4.1. La conception et I'installation d'une passe a ralentisseurs est plus delicate
que celle d'une passe a bassins successifs,

4.2. |l existe un grand nombre de types de ralentisseurs. Certains sont encore
expérimentaux car ils ont été peu utilisés et I'on connait donc mal I'étendue de leur
domaine de fonctionnement. Sont données dans la suite, a titre d'exemple, les
caracteristiques de ralentisseurs déja testés /n s/itu et ayant démontré leur efficacite.

4.3. Les caractéristiques géométriques des ralentisseurs sont données sous
forme adimensionnelle. Toutes les dimensions sont rapportées 4 une longueur
caractéristique (largeur du canal ou hauteur des ralentisseurs). Il est impératif de ne pas
s’écarter des caractéristiques géomeétriques données: tous les ralentisseurs ont éte
systématiquement testés sur modele réduit et toute modification peut se traduire par une
altération notable de la structure de |'écoulement préjudiciable a I'efficacité du dispositif.

4.4. Le poisson franchit une passe 4 ralentisseurs d’une saule traite. |l ne peut se
reposer entre les ralentisseurs. C'est pourquoi, lorsque la dénivellation devient
importante, le migrateur doit fournir un effort intense, et il semble préférable de prévoir
des bassins de repos (de fagon générale tous les deux metres de chute environ).

4.5. Les volées des passes a ralentisseursdoivent étre rectilignes :tout
changement de direction ne peut se faire qu'au niveau d’'un bassin de repos d'une
longueur suffisante pour que le jet issu de la volée amont ne vienne pas heurter trop
violemment les parois (en particulier dans les changements de direction & 18C?).

4.6. Dans une passe de caractéristiques données, |e débit est fixé avant tout par
la position du ralentisseur amont par rapport au niveau d'eau amont. Dans une moindre
mesure, il peut dépendre des conditions d’entonnement (présence ou non d'arrondis sur
les bajoyers, cote du radier a |'amont de la passe).

De fagon générale, il convient d’éviter en amont du premier ralentisseur toute
contraction ou mise en vitesse susceptible de créer des jets et de retarder " I'amorgage "
de la passe (formation des courants en hélice).

4.7. Le radier au niveau de |'entrée de |a passe sera suffisamment immergé au-
dessous du niveau aval de fagon & éviter une accélération locale de |'écoulement
préjudiciable au passage du poisson.

4.8. |l est possible de juxtaposer plusieurs bandes de ralentisseurs de fond
(Lachadenede, suractifs, chevrons épais, etc.) de facon a obtenir des passes aussi larges
que l'on désire, donc susceptibles de transiter un trés gros débit.

4.9. Passes a ralentisseurs plans

4.9.1. Caractéristiques géométriques (voir figure 14)
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4.9.2. Conditions d'utilisation :
Saumons, truites de mer: de preférence 1 0.8m <L < 1m

maximum: L=120m

Pentes (valeurs suggerees):
pour L=080m |1=20%
pour L=080m [I=1730%
pour L=100m |=16%
pour L=120m |=13%

Truites : de préférence: 0.6m <=L <0,9m

Pentes (valeurs suggérees):
pour L=0,60m | =20%
pour L=0,70m |=17%
pour L=0,80m |=15%
pour L=080m |=13,850%

4.9.3. Caractéristiques hydrauliques

Les figures 15 et 16 donnent le débit Q, le tirant d'eau moyen h en fonction de la
pente | et de la charge amont ha (pour des conditions d’entonnement voisines de ceiles
indiquées sur la figure 14).

4.9.4. Valeurs minimales de h (pour permettre la nage du poisson et/ou
“l'amorgage "’ de la passe)

hmin~0,53 0,6L
4.10. Passes a ralentisseurs de type FATOU
4.10.1. Caractéristiques géométriques (voir figure 17)

4.10.2. Conditions d’utilisation : identiques a celles de la passe a ralentisseurs
nlans.

4.10.3. Caractéristiques hydrauliques

Les figures 18 et 19 donnent le débit Q et le tirant d'eau moyen h enfonctionde la

pente | et de la charge amont ha (pour les conditions d’entonnement voisines de celles
indiquées sur la figure 17).

4.10.4. Valeurs minimales de h (pour permettre la nage du poisson =t/ou
“1'amorgage "’ de la passe)

Amin ~0.4 L
4.11. Passes 3 ralentisseurs de fond suractifs de type A

4.11.1. Caractéristiques géométriques (voir figure 20)

4.11.2. Conditions d'utilisation:

Saumons, truites de mer: a: valeur conseillée 0,15 m; maximum: 0,20 m
Pentes: poura =0,15m [<15%
poura=020m 1<£11%

Truites: a: valeur conseillée 0,10 m; maximum: 0,15 m
Pentes: poura=0,10m [|=<<15%
poura=0,15m I|I=<10%

4.11.3. Caractéristiques hydrauliques

Les figures 21 et22 donnent le débit Q, le tirant d’eau moven h en fonction de Ia
pente | et de la charge en amont ha.

4.11.4. Valeurs minimales de h (pour permettre la nage du poisson et/ou
"“l'amorgage "’ de la passe}

hmin ~1,15 a
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5.

PIECES A INCLURE DANS UN DOSSIER DE
PROJET DE PASSE A POISSONS

La conception d'une passe suppose la connaissance d'un certain nompre de

facteurs(d'ordre biologique, topographique,hydrologique et hydrauligue)qu’une enguete
préliminaire doit permettre de préciser. Ces éléments doivent figurer dans tous les
dossiers de passes dans la mesure ou leur connaissance est indispensable pour formuler

un
1.
2.

avis lors d'une consultation.
Nom du cours d'eau. Plans de situation (1/20.000 ou 1/25.000)

Copie de I'autorisation, du cahier des charges ou des correspondances specifiant la
nécessiteé de la construction d'une passe a poissons et éventuellement celle d'une
glissiére & canoe-kayak *.

. Espeéces de poissons, périodes de migrations (éventuellement extraits de I'étude ou de

la notice d'impact).

. Caracteristiques hydrologiques du cours d'eau **

- debits moyens mensuels, débits journaliers sur une période suffisante, courbes des
deébits classés (annuelles et mois par mois).

. Profil en long de |a section du cours d’eau intéressée par |'aménagement. Pente du

cours d'eau.

. Plan du site du barrage et topographie sommaire du lit 4 I'aval de I'ouvrage.
. Caractéristiques du barrage (ou plus géneralement de |'obstacle)

— Nature et role du barrage (hydroélectricité, alimentation en eau, tourisme...).

— Configuration du barrage, emplacement et caractéristiques des ouvrages
évacuateurs, position de |'usine et des ouvrages annexes. Nombre et caracté-
ristiques des turbines.

— Gestion de |'eau et mode d’exploitation du barrage: importance des débits
turbinés, débit réservé, régime de production (fonctionnement au fil de I'eau, par
éclusées).

— Niveau amont de retenue normale.

— Niveau aval d'étiage.

— Niveaux d'eau amont et aval a considérer en période de migration et débits
correspondants.

. Caractéristiques de la passe et ses annexes.

— Plan de situation

— Plans détaillés comportant profils en long et coupes.

— Note descriptive donnant les caractéristiques de |a passe: dimensions des
bassins, mode de communication entre bassins (dimensions des echancrures,
fentes ou orifices), caractéristiques des ralentisseurs, pente...

— Note précisant le comportement hydraulique de la passe pour les niveaux amont et
aval considérés en periode de migration (débits, niveaux d'eau...)

— Mode d'injection du débit d’attrait.

— Débits et vitesses a I'entrée de la passe en fonction des débits du cours d’eau.

Dans certains cas, un dispositif unique peut en effet servir de passe a poissons et de

glissiére a canoé-kayak. Dans les autres cas, il est de toutes fagons préférable de

concevoir la glissiére et la passe en méme temps dans la mesure .

— ou se pose le probléme de la répartition du débit réserveé entre les deux ouvrages

— ou le débit transitant dans la glissiére peut éventuellement étre utilisé comme
debit d'attraction pour la passe.

Ces données sont généralement impossibles a réunir sur la majorité des petits cours
d'eau dépourvus de stations de jaugeages. On doit se contenter géneralement de
renseignements trés fragmentaires, qui se réveélent suffisants dans la plupart des
cas. Par contre, sur les grands cours d'eau, il est indispensable de définir tres
clairement la fourchette des débits pour lesquels le dispositif de franchissement doit
fonctionner correctement.
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DOSSIER "PASSE A POISSONS"

BARRAGE (CHUTE, SEUIL) DE :

l

COURS D'EAU : CODE HYDROLOGIOUE : |

DOMANTAL D NON DOMANTAL D \
COMMUNE DE : DEPARTEMENT :

PROPRIETAIRE :

ADRESSE :

ROLE DU BARRAGE, OU PLUS GENERALEMENT DE L'OBSTACLE :

HYDROELECTRICITE [:] PRISE D'EAU (IRRIGATION |:’ NAVIGATION D TOURTSME :‘ CENTRALE THERMIQUE I:] wee) |

ALIMENTATION EN EAU I:’ PISCICULTURE D STABILISATION DU LIT D

AvTRE | PRECISER :
DERIVATION DES EAUX : ovr | NON D

LONGUEUR DE LA DERIVATION :

DEBIT MAXIMUM DERIVE : DEBIT RESERVE :

CARACTERISTIQUES PISCICOLES [

CATEGORIE : PREMIERE [:] SECONDE |:|

PEUPLEMENT PISCICOLE

ESPECES
7 BIOMASSE
PERIODE. DE MIGRATION PAR ESPECE OU GROUPE D'ESPECES
ESPECES HOIS J F M A M J J A s 0 N D

CARACTERISTIQUES HYDROLOGIQUES DU COURS D'EAU

DEBIT MOYEN ANNUEL : PERIODE DE REFERENCE :

DEBITS MOYENS MENSUELS

DEBIT D'ETIAGE m

(1) PRECISER (DEBIT CARACTERISTIQUE D'ETIAGE...)



BARRAGE DE : 2/

CARACTERISTIQUES MORPHOLOGIQUES DU COURS D'EAU

PENTE : NATURE DES FONDS :
TARSEUR 2T LIT MINELR :

TRANSPORT SOLIDE FAIBLE E MODERE D IMPORTANT D
NATURE :

CARACTERISTIQUES DU BARRAGE ET DES OUVRAGES EVACUATEURS

BARRAGE
TYPE :
HAUTEUR MOYENNE DE LA CRETE AU-DESSUS DU TERRAIN NATUREL :
LONGUEUR EN CRETE :
LARGEUR EN CRETE :
COTE NGF DE LA CRETE DU BARRAGE :

COTE NGF DU NIVEAU D'EAU AVAL CORRESPONDANT AU DEBIT D'ETIAGE OU AU DEBIT RESERVE(I)

OUVRAGES EVACUATEURS

PARTIES DEVERSANTES FIXES

LONGUEUR EN CRETE

COTE NGF DE LA CRETE

OUVRAGES EVACUATEURS MOBILES (VANNES, CLAPETS, ETC...). PRECISER LES SECTIONS, LES COTES DU RADIER.

.

NIVEAUX D'EAU CARACTERISTIQUES (MINIMUM, HOYEN(Z}. HAXIHUH(3)) DE PART ET D'AUTRE DE L'OUVRAGE A CONSIDERER
EN PERIODE DE MIGRATION ET DEBITS CORRESPDND&NTS(&)

NIVEAU AMONT

NIVEAU AVAL

DEBIT

(1) DANS LE CAS D'UNE DERIVATION.
(2) POUR LES OUVRAGES IMPORTANTS, FOURNIR LES COURBES NIVEAUX AMONT - NIVEAUX AVAL - DEBITS.

(3) DE FAGON GENERALE, L'EXPERIENCE MONTRE QU'UN FONCTIONNEMENT CORRECT DU DISPOSITIF DE FRANCHISSEMENT ENTRE LE
LE DEBIT D'ETIAGE ET UN DEBIT DE L'ORDRE DE 3 FOIS'LE DEBIT MOYEN ANNUEL EST SUFFISANT.

(ﬁ)IDhNS LE CAS D'UNE DERIVATION, DONNER LE DEBIT TRANSITANT DANS LE BIEF COURT-CIRCUITE.
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CARACTERISTIQUES DE L'AMENAGEMENT HYDROELECTRIQUE

LONGUEUR DU CANAL D'AMENEE :

LONGUEUR DES GALERIES D'AMENEES EN CHARGE OU CONDUITES FORCEES :
LONGUEUR DU CANAL DE FUITE :

PUISSANCE INSTALLEE :

HAUTEUR DE CHUTE NETTE EN EAUX MOYENNES :

DEBIT D'EQUIPEMENT :

FONCTIONNEMENT : FIL DE L'EAU Cl EcLusees ||

NIVEAUX D'EAU EN PERIODE DE MIGRATION DE PART ET D'AUTRE DE L'USINE ET DEBITS CORRESPONDANTS M

NIVEAU AMONT

NIVEAU AVAL

DEBIT

(1) DAMS LE CAS OU LE DISPOSITIF DE FRANCHISSEMENT PEUT ETRE INSTALLE A L'USINE ET LORSQUE CES NIVEAUX
SONT SENSIBLEMENT DIFFERENTS DE CEUX INDIQUES PLUS HAUT, EN PARTICULIER DANS LE CAS D'UNE DERIVATIOR

IMPORTANTE.
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CARACTERISTIQUES DE LA PASSE ET DE SES ANNEXES

NIVEAU AMONT MINIMUM NIVEAU AMONT MOYEN NIVEAU AMONT MAXIMUM(1)

ICOTE NGF

[DEBIT (PASSE)

LERTT D'ATIRATT (GUFETHERTATRE

NERTT Noennes n'Ean

PASSE A BASSINS SUCCESSIFS

Tyee

CHUTE ENTRE BASSINS : NOMBRE DE CHUTES :

LARGEUR DES BASSINS (B) : LONGUEUR (L) :

TIRANT D'EAU MOYEN DANS LES BASSINS (POUR NIVEAU AMONT MINIMUM)

HAUTEUR DES MURS LATERAUX :

PUISSANCE DISSIPEE POUR NIVEAU D'EAU AMONT MINIMUM : MAXIMUM :
LARGEUR DES ECHANCRURES OU DES FENTES :

NOMBRE D'ECHANCRURES OU DE FENTES FAR CLOISON :

SECTION DES ORIFICES : NOMBRE D'ORIFICES PAR CLOISON :
COTE DEVERSEMENT ECHANCRURE AMONT :

COTE ARASEMENT DES MURS LATERAUX - BASSIN AMONT : - BASSIN AVAL :
LARGEUR ENTREE (AVAL) DE LA PASSE :

COTE DEVERSEMENT ENTREE :

PASSE A RALENTISSEURS

TYFE : FPENTE :

LARGEUR DE LA PASSE :

DIMENSION CARACTERISTIQUE DES RALENTISSEURS :

BASSINS DE REPOS - NOMBRE :

LARGEUR :‘ LONGUEUR : TIRANT D'EAU MOYEN :

COTE DEVERSEMENT DU RALENTISSEUR AMONT :

HAUTEUR DES MURS LATERAUX :

AUTRE TYPE DE DISPOSITIF DE FRANCHISSEMENT

DIMENSTIONNEMENT ET MODE DE FONMCTIONNEMENT : PRECISER

(1) POUR LEQUEL LA PASSE DOIT RESTER EFFICACE

(2) PAROIS DEVERSANTES OU ECHANCRURES, ORIFICE NOYE, MIXTE (ECHANCRURES + ORIFICE NOYE), FENTES VERTICALES,



BARRAGE DE : 5/

CARACTERISTIQUES DES TURBIKES

TYPE

AXE (1)

NOMBRE DE TURBINES
IDENTIQUES

FABRICANT

ANNEE D'INSTALLATION

NOMBRE DE PALES OU
D'AUBES

DISTRIBUTEUR (2)

NOMBRE DE DIRECTRICES

HAUTEUR DIRECTRICE

DIAMETRES DE LA ROUE (3)

COTE AXE ROUE

HAUTEUR, DE LA ROUE

DEBIT NOMINAL (m3fs}

PUISSANCE NOMINALE (KW)

VITESSE DE ROTATION
(trs/mn)

VITESSE SPECIFIQUE
(NS trs/mn)

DEBIT MINIMUM DE
FONCTIONNEMENT

FORME ASPIRATEUR (4)

SECTION DE SORTIE DE
L'ASPIRATEUR

(1) VERTICAL, HORIZONTAL, INCLINE

(2) FIXE, MOBILE

(3) DIAMETRE D'ENTREE ET DE SORTIE POUR LES FRANCIS, DE L'HELICE ET DU MOYEU POUR LES KAPLAN ET LES HELICES
(4) VERTICAL, COUDE, INCLINE
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DOCUMENTS A FOURNIR

Plans de situation (1/20 000 ou 1/25 000)

Copie de l'autorisation, du cahier des charges ou des correspondances

spécifiant la nécessité de la construction d'une passe @ poissons et

éventuellement celle d'une glissidre 3 canoé-kayak

Profil en long de 1a aection du enturn d'ean intéreard par 1'am@&nagoment

Plan du site du barrage et topographie du lit 3 1'aval de 1l'ouvrage

Plan de configuration du barrage avec les caractéristiques des ouvrages

évacuateurs, position de 1'usine et des ouvrages annexes.

Passe 3 poissons

plans de situation
plans détaillés comportant les profils en long et coupes
modes d'injection du débit d'attrait

débit et vitesse 3 1l'entrée de la passe en fonction des débits

du cours d'eau

systéme de protection contre les corps dérivants,

Signature :



LAISSEZ-LES REMONTER

« ~ . i .
Les 'passes a poissons pour migrateurs

Michel LARINIER

Ingénieur au C.E.M.A.G.R.E.F. de Toulouse.

« M. Benoist loue et engage M. et Mme Vigouroux comme cocher palefrenier et
comme cuisiniére a dater du 1¢" de septembre a venir et pour une durée de un an, renou-

velable par tacite reconduction... »
« M. et Mme Vigouroux recevront annuellement la somme de mille cinq cents francs
par année écoulée, payable en Louis ou en écus... »
« Ils seront nourris et logés a la pension... »
« I est stipulé que selon les usages locaux et constants, il ne sera pas donné a la cui-
sine du saumon frais plus de trois fois par semaine de février a I’Assomption d’aoit... »

« Le présent contrat est établi de bonne foi en ce jour du 17 juin 1842 ».

Cet extrait d’'un « contrat de louage » conclu sur la com-

mune de Saint-Antoine-de-Breuilh (Dordogne) sembie bien
indiquer qu’il y a queique 140 ans, les « usages locaux et
constants » avaient soin d’éviter que les personnes qui
louaient leur travail fussent menacées de souffrir de la mono-
tonie des mets de pension : du saumon, toujours du saumon |

Délicate attention ... toute superflue aujourd’hui !

Mais I’'article de Michel Roguet, intitulé « le retour du sau-
mon », publié dernidrement dans cette méme revue, decnne
quelque espoir... pour autant que ces migrateurs — et les

autres — puissent remonter le cours des fleuves.
C’est ce que I'on attend des passes a poissons, si elies sont
bien congues et adaptées aux données naturelies.

LA NECESSITE
DE PASSES A POISSONS

L'utilisation toujours crois-
sante des ressources en eau —
que ce soit pour la production
d'énergie électrique, I'irrigation,
I’alimentation en eau des agglo-
mérations ou le tourisme — a
entrainé la construction tout au
long des rivieres de nombreux
barrages et prises d’eau.

La création de tels ouvrages
peut empécher la libre circula-

ADOUR-GARONNE/NOV. 1883/N° 27

tion des poissons et éliminer
d’un Secteur de cours d'eau cer-
taines espéces effectuant des
déplacements importants en
période de reproduction pour
déposer leurs ceufs sur des
substrats trés caractéristiques.
Il peut s’agir d'espéces effec-
tuant leur cycle complet en eau
douce (bardeau, brochet, ombre
commun, truite fario) ou
d'especes passant alternative-
ment du milieu marin a |'eau
douce (saumon, truite de mer,
alose, esturgeon, lamproie...).

Dans ce dernier cas, des
espéces comme ‘le saumon et
|'alose peuvent disparaitre d'un
cours d'eau du fait de la cons-
truction de barrages, le cycle
complet de ces animaux néces-
sitant leur transit depuis leur
zone de croissance en mer
jusqu’a leurs zones de repro-

_duction, situées généralement

dans les parties amont des
cours d’eau. Une telle évolution
constitue une réduction irréver-
sible de notre patrimoine biolo-
gique, dans la mesure ou



s'étaient constituées dans cha-
que bassin ou sous-bassin des
populations de poissons aux
caractéristiques biologiques
particuliéres, adaptées a |la
nature de leur milieu.

La situation actuelle est cer-
tainement trds alarmante a ce
sujet : le nombre des cours

d’eau francais ou subsistent les.

souches originelles de truite
fario, saumon atlantique... est
trés réduit. En outre, certaines
espéces comme |'‘esturgeon
peuvent @&tre considérées
comme en voie de disparition.

Une telle évolution n‘est pas
seulement liée a la construction
de barrages mais également,
selon les cas, a une surexploita-
tion par la pdche ou a des per-
turbations des zones de repro-
duction et de croissance des
juvéniles (extraction de gra-
viers, pollution). Toutefois, le
rdle des ouvrages construits sur
les cours d'eau parait, dans bien
des cas, prépondérant, et il
importe de ['atténuer dans la
mesure du possible.

On donne le nom de « pas-
gses », « d'échelles », ou plus
généralement de « dispositifs
de franchissement » aux systé-
mes permettant aux poissons
de frahchir ces obstacles.

Le principe général de ces
passes consiste a ouvrir une
voie d'eau qul permette au pois-
son de franchir I'obstacle en
contournant ce dernier. Il est
dvident qu’'en aucun point du
passage qui lui est réservé’le
poisson ne doit rencontrer un
courant d'une vitesse supé-
rieure a.sa capacité de nage ou
de hauteur de chute dépassant
ses possibilités de saut: les
pasgses dolvent permettre le
passage de toutes les espécas
et de tous les individus et non
pag seulement des
« athifétes » ; ce que |'on a sou-
veiit oublié dans le passé. Il con-
vient aussi de prendre en consi-
dération d’autres narametres
comme |a turbulence, i'éclaire-
ment, le bruit, qui peuvent
influer considérablement sur le
comportement du poisson.

L'expérience montre qu’il est
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beaucoup plus délicat de conce-
voir des dispositifs de franchis-
sement efficaces pour certaines
espéces particulierement exi-
gentes, comme |‘alose, que
pour d'autres comme les salmo-
nidés en général. Certains types
de passes sont spécifiques dans
la mesure ou leur conception et
leurs caractéristiques hydrauli-
ques conviennent plus a cer-
tains migrateurs qu’'a d'autres
(les passes a civelles par exem-
ple).

DIFFERENTS TYPES

Il existe dans le monde une
infinité de types de passes. ||
est cependant possible de les
regrouper en quelques catégo-
ries.

¢ Le premier type de passe
qui vient a |'esprit est la passe
dite « rustique », qui consiste a

‘relier biefs amont et aval par un

chenal creusé dans |l'une des
rives ; chenal a faible pente
(quelques %) et dont le fond et
les parois sont garnis de rugosi-
tés ou d'obstacles imitant en
quelque sorte un ruisseau natu-
rel. '

e e type de passe qui a étéle
plus souvent utilisé est incon-
testablement la passe a bassins
successifs, dont le principe con-
siste & diviser la hauteur a fran-
chir en plusieurs petites chutes
qui forment une série de bassins
communiquant entre eux par
des échancrures, des orifices ou
des fentes verticales. Les bas-

~ sins jouent un double rdle :

zones de repos éventuel pour
les poissons, ils assurent égale-
ment une dissipation convena-
ble de I'énergie de |'eau transi-
tant dans la passe. |l est donc
important de ne pas sous-
dimensionner les bassins, ce
que I'on a souvent tendance a
faire pour des raisons évidentes
d'économie.

e Dans les échelles 2 ralen-
tissaurs — ou « Denil », du nom
de leur inventeur — sont dispo-
sés sur le fond et/ou sur les
parois d'un canal a forte pente
(jusqu’'a 20 %) des déflecteurs

ou des ailettes destinées a
réduire les vitesses moyennes
de I'écoulement.

Les  études expérimentales
menées par le C.E.M.A.G.R.E.F.
en collaboration avec le Conseil
Supérieur de la Péche & la pisci-
culture de Pont Crouzet (Tarn),
ont permis de- sélectionner et
déterminer les caractéristiques
hydrauliques d'un certain nom-
bre de ralentisseurs de formes
trds simples, susceptibles de
s'adapter aux conditions ren-
contrées sur la plupart des obs-
tacles.

Les passes a ralentisseurs
présentent un intérét particu-
lier :

- pour les petits cours d’eau
(cours d'eau bretons par exem-
ple), ’ .

- pour le saumon et la truite
de mer,

- pour les ouvrages exis-
tants, dans la mesure ou il est
beaucoup plus facile d‘intégrer
ce type de passe — de faible
encombrement — dans le corps
de |'ouvrage, qu'une passe a
bassins successifs dimension-
née pour un débit identique.

Le poisson franchit une passe
a4 ralentisseurs d'une seule
traite. ||l ne peut se reposer
entre les ralentisseurs. C'est
pourquoi, lorsque la dénivella-
tion devient importante, le
migrateur doit fournir un effort
intense, et il est préférable de
prévoir des bassins de repos.

* L'écluse a poissons — ou
écluse « Borland » — fonc-
tionne suivant un principe voi-
sin de celui d'une écluse de
navigation : les migrateurs sont
piégés dans un sas puis éclusés
comme le serait une embarca-
tion.

L'efficacité d'un tel dispositif
est liée non seulement a son
attractivité (le migrateur doit
évidemment en trouver |'entrée)
mais aussi au comportement du
poisson dans |'écluse ; il doit
demeurer dans le sas pendant
toute la phase d’attrait, suivre
le niveau de |'eau lors du rem-
plissage et sortir de |'écluse
avant la vidange. A cet égard, il
est nécessaire que les vitesses
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Passe a bassins successifs & fentes verticales, Passe 4 bassins successifs mixte & échan
sur la Loire ; une telle passe sera aménagée au

barrage de Bergerac

et les turbulences dans la cham-
bre aval restent acceptables.

Il est généralement impossi-
ble de déterminer a priori quel-
les seront les conditions
hydrauliques optimales pour les
migrateurs ; c'est pourquoi il
convient de donner au fonction-
nement de |'écluse le maximum
de souplesse (dans la durée de
chaque cycle, dans le degré et
le temps d'ouverture des van-
nes amont et aval, etc.).

D'autres dispositifs de fran-
chissement consistent a attirer
et a piéger les migrateurs dans
une cuve, puis a les transporter
a I'amont, soit par ascenseur ou
funiculaire, soit tout simple-
ment par camion.

OJ LES IMPLANTER ?

Pour un barrage existant —
ou un obstacle naturel — il est
possible d’'observer et de noter
le comportement des migra-
teurs, c'est-a-dire leur route de
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migration, leurs zones de stabu-
lation et les points du barrage
ou s'effectuent les tentatives
de franchissement. Ces indica-
tions aideront a choisir la situa-
tion de I'entrée de la passe.

Dans le cas d'un ouvrage en
projet, on ne peut faire que des
hypothéses sur le comporte-
ment du poisson et seule I'expé-
rience du projecteur entre en
ligne de compte.

Le poisson a tendance a
remonter dans le courant le plus
a I'amont possible, jusqu’a ce
qu'il soit arrété par une chute
d’'une hauteur infranchissable
ou par des courants ou des tur-
bulences trop violents.

En régle générale, il convient
donc d’installer I'entrée de la
passe le plus pres possible du
point ou de la ligne de plus hau-
tre remontee du migrateur.

Dans le cas d'un aménage-
ment hydroélectrique, lorsque
tout le débit est turbiné, les
migrateurs seront généralement
attirés vers les aspirateurs des

crures latérales en plan incliné et a orifices noyés.

turbines. |l conviendra donc
d'installer I'entrée de la passe
du cote de |'usine.

On peut étre amené a prévoir
non seulement plusieurs
entrées, mais aussi plusieurs
dispositifs de franchissement
différents. Dans le cas d'un
aménagement hydroélectrique
comportant un barrage de rete-
nue équipé d’ouvrages évacua-
teurs et un canal de dérivation
court-circuitant le cours d'eau
sur lequel est implantée |'usine,
le migrateur peut se présenter
soit du coté de I'usine, au pied
des turbines, soit du cdté du
barrage lorsque celui-ci
déverse : il conviendra donc
d‘envisager deux dispositifs de
franchissement totalement
indépendants, chacun compor-
tant éventuellement plusieurs
entrées.

Le comportement du migra-
teur n'est pas le seul facteur a
considérer dans le choix de
I'implantation de la passe : |l
convient de prendre en compte



REGLENENTATIOR DES BARRAGES ET PASSES A POISSCHS

® Sur les ouvrages nouveaux, |'autorisation ou la concession ne doit pas omettre, par-
tout ol cela est nécessaire, de prescrire la construction d'un dispositif de franchisse-
ment, d'indiquer que le pétitionnaire doit assurer la libre circulation des poissons et de
fixer un débit réservé suffisant permettant d'alimenter au moins Ia ou les passes.

® Sur les obstacles anciens, les mémes prescriptions doivent intervenir en cas de
modification nécessitant une autorisation, en particulier s'il y a augmentation de puis-
sance.

Sl n'y 8 pas de modification, 'Administration peut prescrire & tout moment la cons-
truction d'une passe & poissons si le cours d'eau est classé au titre de l'article 428-2 du
Code Rural, mais un financement doit &tre trouvé ; il faut s‘assurer par ailleurs d'un
débit de fonctionnement suffisant...

Faute de classement du cours d’eau selon I'article 428-2 du Code Rural, 'Administra-
tion peut réglementer d'office dans cette matiére, des lors qu'un établissement - méme
« fondé en titre » - porte préjudice a lintérét géneral. Cette procédure demeure inem-
ployée, mais pourrait étre appliquée dans quelques situations délicates & régler dans le

Sud-Ouest.

I'exposition de la passe aux
crues, sa protection contre les
corps flottants, et son accessi-
bilité de fagcon a assurer sa sur-
veillance, son contrble et son
entretien. Une passe a poissons
est un ouvrage hydraulique, au
méme titre qu’une prise d’eau,
et il est nécessaire d’assurer
son entretien, faute de quoi elle
ne pourra jouer convenable-
ment son role.

AGAPTER LCS PASSES
AUX O3STATLLS

Il peut étre tentant de ranger
les obstacles en plusieurs caté-
gories suivant certaines de leurs
caractéristiques (hauteur par
exemple) et de proposer pour
chacune d’elles et en fonction
des espéces migratrices consi-
dérées le type de passe appro-
prié. Une telle vision des choses
est utopique, la multiplicité des
facteurs (d'ordre hydrologique,
hydraulique, topographique,
biologique) entrant en ligne de

Passe a ralentisseurs de fond

Passe a ralentisseurs de fond
utilisés comme glissiére de canoé-kayak

Passe & ralentisseurs plans,
sur le Gave d'Ossau.

compte fait que chaque situa-
tion est un cas d’'espéce et que
rechercher toute forme de clas-
sification rigide serait au con-
traire susceptible d'entrainer de
grossiéres erreurs.

Il ne peut pas exister un type
de passes plus efficace que les
autres. L'expérience montre
que de nombreuses passes a
bassins, a ralentisseurs, de
méme gue des ascenseurs ou
des écluses se sont révélés
aussi efficaces ou inefficaces.

Il est amusant de voir com-
ment certaines personnes,
abordant le probleme des pas-
ses a poissons, se sont ingé-
niées @ mettre au point des dis-
positifs plus astucieux les uns
que les autres, ne consommant
généralement que trés peu
d’'eau, en faisant implicitement
I'hypothése que tous les migra-
teurs se présenteraient —
comme par miracle — au pied
du dispositif, préts a étre trans-
portés.

Le point le plus délicat dans la
conception d'un dispositif de
franchissement est peut-étre
moins le choix du type de passe
— il existera le plus souvent plu-
sieurs solutions et variantes
susceptibles de donner satisfac-
tion — que la nécessité d'attirer
tous les migrateurs vers son
entrée le plus rapidement possi-
ble lorsqu'ils arrivent sur |'obs-
tacle.
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LA RESPONSASILITE DU MAITRE C'OUVRAEE

L3 conception, la réalisation et I'entretien d'un dispositif de franchissement doit enga-
ger dans toute la mesure du possible la responsabilité du maitre d’ouvrage.

Ce principe essentiel est souvent perdu de vue en France : or ce sont les maitres
d'ouvrage qui prennent l'initiative et tirent ultérieurement le bénéfice de la création
d'ouvrages hydrauliques sur les cours d'eau. Au-dela des conseils, des autarisations ou
controles de I'Administration, les maitres d'ouvrage doivent rester responsables des con-
séguences induites par leurs interventions sur les cours d'eau, notamment en ce qui con-
ceme le maintien effectif des mouvements de migration des poissons, et assujettis @ une

obligation de résuitat.

t'aménageur devrait étre tenu de construire non pas des passes « administra-
tives », c'est-d-dire agréées par I'Administration, mais des passes effica-
ces, c'est-a-dire empruntées par le poisson.

Lorsqu'il n'est pas tenu & une obligation de résultat, il est évident que le maitre
d'ouvrage cherchera davantage 4 minimiser les coits de construction de la passe & pois-

sons qu'a assurer son efficacité.

La mauvaise situation de la
passe, ainsi que son manque
d’attractivité, expliguent une
grande partie des échecs subis
dans le domaine des passes,
principalement sur les grands
cours d'eau.

L'attractivité est liée a la posi-
tion de I'entrée du poisson
(donc partie aval) et au débit de
la passe, aux vitesses et cou-
rants au voisinage de cette
entrée, qui ne doit @tre masquée
ni par des écoulements prove-
nant des turbines, des déver-
soirs ou des vannes, ni par des
zones d’eaux mortes.

QUEL DEBIT ?

Le dispositif de franchisse-
ment doit &tre a |'échelle du
cours d'eau. En particulier, le
débit aux entrées du ou des dis-
positifs de franchissement doit
atre a !'"échelle des débits du
cours d'eau en période de
migration. Une passe d'un débit
de quelques centaines de litres/-
seconde peut se révéler suffi-
samment attractive sur une
petite riviere a saumons bre-
tons ; par contre, des disposi-
tifs de franchissement sur des
cours d’eau comme la Dordo-
gne ou la Garonne nécessite-
ront des débits de plusieurs
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m?3/s. Ce seront des ouvrages
importants, donc colteux (plu-
sieurs millions de francs).

Comme pour tout ouvrage
hydraulique, on a souvent
recours aux études sur modele
réduit qui permettent d’éviter
un maximum d’erreurs, en parti-
culier en ce qui concerne
I'implantation de la passe et
I'optimisation des conditions
d'attrait. Plusieurs études de ce
genre (dispositifs de franchisse-
ment aux barrages de Belleville
sur la Loire, Beauregard et Gol-
fech sur la Garonne, Bergerac
sur la Dordogne) ont été effec-
tuées ou sont en cours au Labo-
ratoire d'Hydraulique de !'Insti-
tut de Mécanique des Fluides de
Toulouse.

DANS LE SUD-OUEST

Le « plan saumon » lancé en
1975 par le Ministere de |I'"Envi-
ronnement a favorisé |'aména-
gement de nombreuses passes
a3 poissons dans certaines
régions — plus d'une soixan-
taine en Bretagne et Basse-
Normandie. Les résultats sont
beaucoup plus longs a se faire
sentir dans le Sud-Ouest; en
particulier dans le bassin de
I’Adour ou subsiste encore une
population autochtone de sau-

mons, population cependant en
nette régression. Cela tient
quelquefois a de plus grandes
difficultés techniques (cours
d'eau et aménagements plus
importants), mais aussi a de
nombreux « blocages » prove-
nant soit de situations juridi-
ques confuses, soit de cas ou le
propriétaire du barrage est en
situation illégale (surélévation
du barrage ou augmentation du
débit prélevé non autorisés,
voire absence d'autorisation de
turbinage, non respect du débit
réservé, ouvrages de franchis-
sement absents ou non alimen-
tés, privilkges — droits fondés
en titre — n’ayant plus aucun
rapport avec leur consistance
initiale) et que I’Administration
est incapable ou persiste a ne
pas vouloir résoudre.

Parmi les ouvrages recents,
citons ceux construits sur la
Nivelle aux barrages de Zaldubia
(deux pré-barrages) et Uxundoa
(passe & bassins successifs et
station de capture) ; sur le Gave
d'Ossau (deux passes a ralentis-
seurs a la microcentrale de Lail-
hacar) ; sur le Gave d'Aspe
(bassins au barrage de Gurmen-
con). Sur I’Aveyron, les nouvel-
les installations ont été systé-
matiquement équipées de pas-
ses : barrage de Lexos et de
Bruniquel (passes a bassins suc-
cessifs), barrages de Roucade
et Ramouillet (passe a ralentis-
seurs et dispositif expérimental
mixte : glissiére a canoé-kayak -
passe a poissons).

Citons enfin I'écluse a pois-
sons au barrage de Palisse sur le
Tarn et les passes a bassins
successifs aux barrages de Gré-
piac sur |I'Ariege et de Lestelle -
Saint-Martory sur la Garonne.

La réussite des programmes
de restauration et de protection
des espéces migratrices — en
particulier le saumon — lancés
sur les cours d'eau du Sud-
Quest et évoqués par
M. Roguet dans un récent arti-
cle de la revue « ADOUR-
GARONNE » (1), passera obli-
gatoirement par |I'aménagement
d'une trentaine de passes a
poissons, dont certaines,



situées sur les grands axes,
réclameront des investisse-
ments importants (notamment
Bergerac, Tuiliere, Mauzac sur
la Dordogne ; Golfech, Beaure-
gard, le Bazacle sur la Garonne).

Sur le plan financier, les
possibilités limitées d’equipe-
ment de grands ouvrages
devraient conduire a la défini-
tion de priorités et a la mise en
place d'un calendrier réaliste
permettant de concentrer les
études techniques sur les dispo-
sitifs qui seront les premiers
réalisés.

Ces aménagements ne suffi-
ront cependant pas a assurer le
succeés des plans de restaura-
tion. Il convient dés a présent :

* de protéger avec vigilance
I’'habitat du poisson (frayé-
res, zones de croissance des
juvéniles) contre toute nou-
velle atteinte, en particulier
sa destruction lors des draga-
ges (2) dans les lits mineurs,
ou son noyage lors de l'instal-
lation de microcentrales
hydroélectriques ;

e d'éviter la construction de

nouveaux obstacles sur les

axes de migration (3) ;

* de prendre les moyens

techniques et réglementaires

nécessaires a la gestion a

long terme des espéces

migratrices’:

. définition d’'une politique
de repeuplement et de
soutien des effectifs ;

(1) M. Roguet : « Le retour du saumon » -
n® 26 - juin 1983.

{2) Un exemple récent sur la Garonne : alors
gue des efforts sont consentis par tous pour
restaurer les populations d'aloses en amont
de Golfech (construction d’un ascenseur par
E.D.F., transport de 3 a 7 000 géniteurs en
amont de |'usine depuis trois ans), I’Admi-
nistration continue & accorder des autorisa-
tions d'extraction dans les rares zones ou a
4té observée la reproduction des aloses
transportées (Ramier de Bigorre - Haute-
Garonnal.

{3) On peut citer le cas de la centrale de
Montaud-Betharram sur le Gave de Pau ou
|"on a dd attendre le début des travaux pour
s'apercevoir qu’'aucun dispositif de fran-
chissement n’avait été prévu. Une écluse a
poissons a été tant bien que mal « incrus-
tée » dans |'ouvrage entre les aspirateurs
des turbines.
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. lancement d'études
d’observation en continu
des populations et de
I'incidence des différents
aménagements sur ces
populations : évaluation
de I'efficacité des disposi-
tifs de franchissement
pour les adultes, quantifi-
cation des problémes ren-
contrés par les juvéniles
lors de leur descente vers
la mer (retard a la migra-
tion dans les retenues,
mortalité dans les turbi-
nes) ;

. mise en place de moyens
efficaces d’évaluation des
stocks, de contrdle et de
limitation des captures par
les pécheurs pour garantir

suffisant ~de reproduc-
teurs ;

. éventuellement ferme-
ture de la péche pendant
plusieurs années pour per-
mettre un « décollage »
significatif des stocks : la
restauration d'une espéce
migratrice impose en effet
un certain nombre de con-
traintes a tous les usagers
et en particulier aux
pécheurs.

Ces contraintes seront beau-
coup mieux acceptées si les
mesures se traduisent au bout
de quelques années par un effet
visible sur les stocks. Le sau-
mon, 4 notre époque, n’'est plus
un « don gratuit de la mer ». |l

la survie d'un contingent se mérite.

. e o B e S R
QUELQUES RECOMMANDATIONS

® || est dans tous las cas préférable de concevoir le dispositif de franchis-
sement en méme temps que le barrage lui-méme.

La conception d'une passe efficace, relevant a la fois de I'hydrotechnique
et de la biologie, est souvent délicata ; eile devient quelquefois impossible
~ et de toutes fagons beaucoup plus codteuse — lorsque la passe doit étre
intégrée dans un aménagement od rien n'a été prévu pour la recevoir.

® Les plans du dispositif doivent étre élaborés jusqu’aux moindras détails.

Il est indispensable de suivre de trés prés |'exécution des travaux. Toute
improvisation consécutive a un manque de précision des plans peut rendre
le dispositif partiellement ou totalement inefficace (vitesses ou turbulen-
ces incompatibles avec le passage du poisson).

® La mise au point d'un dispositif de franchissement « efficace » est sou-
vent longue : elle dure généralement plusieurs années aprés sa construc-
tion. Il est donc important de préveir un systéme le plus souple possible
pour permettre un certain nombre d‘ajustements ou de modifications.

® C'ast |'observation en continu des installations existantes (comporte-
ment du poisson, contrdle, améliorations progressives) qui permet de faire
progresser |a technique et d'éviter la répétition des mémes erreurs.

e La recherche st |'expérimentation sont nécessairas pour assurer la conti-
nuité du progrés technigue dans ce domaine, et sont enrichies par I'expé-
rience tirée de |'observation des installations existantes.

® On oublie souvent que |'établissement d’une passe a poissons n'est qu'un
pis-aller : méme bien congu, en particulier sur les grands cours d'eau, |'effi-
cacité d'une passe n'est pas totale et induit dans le meilleur des cas des
retards dans las migrations. L'effacement d'un obstacle (ancien barrage
ayant perdu sa raison d'étre, barrage 4 vannes mobiles...) est toujours pré-
férable & la construction d'une passs, si efficace soit-elle.
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Sommario:

Si illustrano brevemente le problematiche create dalle opere
di sistemazione idraulica, nel corsi appenninici, alla vita ed
alla riproduzione della fauna ittica; si1 fanno osservazioni
sulle opportunitd e sulla progettazione dei dispositivi di
risalita previsti dall'art. 23 della L.R. n. 25/79.




M. FERRI

PROBLEMATICHE CREATE DALLE OPERE IDRAULICHE NEI CORSI APPENNINI-

CI ALLA VITA ED ALLA RIPRODUZIONE DELLA FAUNA ITTICA

Dal punto di vista biologico i corpi idrici vengono considerati
come ambienti molto particolari che con continuitd modificano le
loro caratteristiche soprattutto in relazione al modificarsi
della temperﬁtura dell'acqua.

Infatti 1le acque fredde e turbolente dell'alta montagna si
arricchiscono di ossigeno che diminuisce man mano che 1l'acqua del
fiume aumenta di temperatura. Cid comporta che alle diverse
altimetrie la catena alimentare si diversifica passando da poche
specie particolarmente specializzate nell'utilizzare 1'ambiente
tumul tuoso e freddo delle alte quote fino ad arrivare al gran
numero di animali che possono vivere nelle acque calde e lente
della pianura. Piu dettagliatamente (mi riferisco alla mia
provincia) esaminando la sola fauna ittica notiamo che delle 23
specie che vivono nelle acque di pianura si passa alla sola
Trota fario che riesce a colonizzare anche acque di alta quota
dove la temperatura invernale delle acque sfiora 0°C, vivendo
unicamente di forme larvali di insetti che compiono il loro ciclo
fra 1 sassi e le rocce del fondo: quindi una situazione limite,
ben differente da quella riscontrabile man mano che si scende a
valle dove la fauna ittica rispecchia una maggior disponibilita
di cibo, all'interno di una catena alimentare che vede presenti
in misura sempre maggiore BENTHOS (le forme di vita animale
presenti nei fondali: vermi, molluschi, insetti...), FITOPLANCTON
(alghe unicellulari in sospensione), ZOOPLANCTOMN (microorganismi
che si nutrono di zooplancton), e ALGHE SUPERIORI, che formano
l'ambiente per pesci erbivori, carnivori e onnivori che si
distribuiscono lungo il fiume in base alle loro esigenze alimen-
tari.

Quindi in teoria si possono zonizzare i corsi d'acqua in base
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alla loro possibilitd di garantire 1'ambiente ad alcune specie
ittiche che fanno da riferimento: acque da trote, acque da

cevedano, acque da carpa; in realtad questa suddivisione puod
essere sufficiente a fornire un parametro generale di valutazione
di queste acque, ma occorre tenere presente che in realtd i corsi
dei fiumi e dei torrenti vengono percorsi dalle varie specie
ittiche in base anche ad esigenze riproduttive. Sono infatti
numerosi i casi di specie ittiche che si riproducono in acque di
tipo diverso da quelle idonee alla vita degli adulti. L'esempio
pia famoso & certamente quello dell 'anguilla, che scende dalle
acque interne, a volte di montagna, fino al mare, migrando fino
al Mar dei Sargassi dove, riproducendosi, lascia al novellame
l'istinto di ripercorrere in senso inverso il percorso fatto
dagli adulti. Un esempio oggi meno noto & quello dello storione
che comunemente risaliva dal mare per riprodursi nella parte alta
dei grandi fiumi: oggi cid non avviene perché, ad esempio, lungo
il Po la presenza di alcune dighe ha eliminato i siti di frega
che questo animale aveva in Lomellina e in Ticino.

Esaminando solo pesci di acqua dolce troviamo che alcuni risalgo-
no stagionalmente dal Po fino alle acque della bassa e dell'alta
collina (lasca).

Altri pesci comuni neégli affluenti del Po compiono piccoli
spostamenti, limitati all'affluente, alla ricerca di 1luoghi

adatti per la frega (cavedano, vairone).

La trota fario rappresenta un esempio locale, appenninico, della
capacita dei salmonidi di compiere spettacolari spostamenti verso
la parte alta di torrenti e rii alla ricerca delle migliori
condizioni di ossigenazione per la riproduzione, nonostante che
gli adulti si adattino bene anche ad acque meno ossigenate
qualora vengano trascinati a valle da piene impetuose.

Da quanto sommariamente esposto risulta evidente che quando

l1'uomo ha necessita di sbarrare 1 corsi d'acqua, coh dighe o
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manufatti di protezione, provoca delle soluzioni di continuita
che si ripercuotono anche sulla fauna itticé dato che spessissimo
queste opere superano le capacita fisiche delle singole specie.

A volte le anguille riescono ad aggirare le briglie uscendo sul
terreno bagnato o intrufolandosi tra le crepe provocate dalle
infiltrazioni d'acqua, ma nulla possono quando gli sbarramenti
sono solidi e occupano tutto l'alveo naturale;

Certi pesci migratori di piccole dimensioni (cheppia e lasca)
sarebbero stati bloccati da sbarramenti di dimensioni ben pil
ridotte di quelli realizzati e lo studio e la realizzazione di
una Carta Ittica provinciale c¢i hanno confermato come talil
specie, per effetto delle opere trasversali di sistemazione di
alveo, sono ora confinate in pianura, mentre una volta erano
comuni fino ai tratti collinari dei fiumi.

Nelle acque pregiate, di montagna, la situazione delle popolazio-
ni naturali ¢ pil pesante dato che la specie pild importante, la
trota, normalmente non riesce a superare sbarramenti pit alti di
m. 1l: se pensiamo alle migliaia di briglie esistenti proprio in
montagna capiamo i motivi delle difficoltd che hanno le popola-
zioni naturali a sostenersi, proprio perché spesso vengono loro
sottratti gli accessi ai ruscelli idonei per la frega.

Un'altra incidenza negativa gli sbarramenti la manifestano per
effetto dell'avallamento del fondo dell'alveo che spesso si viene
a formare immediatamente a valle dell'opera, nei tratti di
fondovalle durante 1l'estate, quando la portata dei corsi d'acqua
diminuisce drasticamente con forti conseguenze anche per il
contenuto di ossigeno; in questi casi il pesce cerca di spostarsi
e trova lungo il percorso gli sbarramenti che gli impediscono il
transito.

Nelle pozze che si formano a valle, il pesce si concentra a tal
punto che spesso ne conseguono mortalita di massa per semplice

mancanza di spazio e per malattie infettive scatenate dall'alta
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densita:

nella grande maggioranza dei casi il superamento di questi osta-
coii non €& possibile a causa dell'eccessiva altezza, ma si
verificano anche situazioni in cui 1l'obiettivo viene mancato per
pochi centimetri.

Con tutto cid il problema degli sbarramenti potrebbe essere
positivamente risolto affrontandolo zona per zona, valutando la
situazione di fatto ed i risultati che diversamente si potrebbero
ottenere,

In genere in pianura e nei tratti di fondovalle, gli sbarramenti
sono poco numerosi e spesso delimitano tratti sufficientemente
lunghi di fiume, garantendo possibilité di frega e rffugi
sufficienti a rimediare il fenomeno delle acque surriscaldate:
nella mia Provincia non sarebbero piu di quattro o sei gli
sbarramenti bisognosi di strutture atte a garantire il transito
alle specie piu esigenti, ricorrendo a manufatti aggiuntivi non
necessariamente stabili dato che caso per caso si potrebbe
studiare anche 1'impiego di strutture mobili o a perdere,
limitando la progettazione pesante a pochi punti critici e da
attuare in occasione di restauri o rifacimenti.

Nella parte alta di fiumi e torrenti in montagna, i1 discorso
potrebbe essere ancora piu realista. Sarebbe infatti utopica la
progettazione di scale di rimonta per ogni sbarramento esistente
che superi i1 metro di altezza, e inoltre sappiamo che anche
nella progettazione di nuove briglie 1l'inclusione di queste opere
fa aumentare i costi almeno del 20%. Tale situazione di fatto,
d'altro canto, pud positivamente contribuire alla progettazione
di piani di aumento della pescosita potenziando 1l'impiego di
tecniche di ripopolamento con uova embrionate o trotelle, dato
che queste tecniche per la loro efficacia, richiedono la scrupo-
losa eliminazione dalle aree di intervento di ogni animale adulto

che cannibalizzando il novellame potrebbe compromettere la riu-
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scita del programma.

Nella pratica, la presenza delle briglie garantisce che il corso
d' acqua '"sterilizzato" con la pesca elettrica non sara visitato
da nessun animale- adulto perché 1le briglie a valle glielpo
impediranno. -

Nei torrenti di fondovalle addirittura la presenza di sbarramenti
pud permettere la pratica di pesca facilitata con animali da
allevamento, di pronta cattura, con la sicurezza che non si
avranno promiscuita con materiale selvatico o naturale.

In queste acque i luoghi in cui la presenza di scale di rimonta &
sentita sono proprio certi tratti ~particolari dove sarebbe
possibile un'abbondante frega naturale impedita attualmente éblo
da poche briglie: altri interventi si imporrebberoc anche ove sia
possibile recuperare il valore scientifico di ambienti di parti-
colare interesse naturale.

Un'altro punto delicato sono attualmente i bacini idroelettrici
che in pratica bloccano la discesa naturale di trote condannando-
le a morte sicura durante i periodici svasi, proprio perché il
bacino spesso funziona come una trappola delimitata a valle dalla
diga e a monte da sbarramenti che spesso consolidano ponti e
strade (nel modenese bacino di Riolunato e di Fontanalucecia): in
questi casi la risoluzione si impone dato che spesso il valore
del pesce impegnato nella risalita é valutabile in milioni di
lire e in quintali di animali naturali che attualmente sono
considerati "a perdere" per la pratica impossibilita di recupe-
rarli. Anche in questo caso la soluzione potrebbe venire sia da
una progettazione pesante ma anche dall'impiego di impianti
mobili da montarsi e smontarsi nelle opere a monte dell'invaso
secondo un programma che tenga conto sia delle freghe sia delle
migrazioni concomitanti all'addensarsi degli animali sotto 1le
briglie di monte quando lo svaso incomincia a seccare il lago e

il pesce (quando ne abbia il tempo) si mette "in corrente" per
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fuggire.

Da queste brevi considerazioni si.pud osservare come il problema
in questione sia complesso ma sicuramente non generalizzabile con
soluzioni a tappeto; per ogni opera vanno infatti wvalutati
attentamente 1 molteplici aspetti di cui si & accennato e
studiando, ove si ritenga necessario, le soluzioni pil adatte;
con tale spirito, a mio avviso, vanno lette le indicazioni della
legislazione regionale in materia di protezione ed incremento
della fauna ittica, L.R. n. 25 del 6 agosto 1979, che all'art.
23 prevede, nei progetti di nuove opere, strutture idonee alla
risalita del pesce.

A tale proposito ritengo doveroso confermare la disponibilita dei
Servizi di Caccia e Pesca delle Amministrazioni Provinciali che,
ne sono certo, saranno lieti di collaborare realizzando cosi
quella necessaria integrazione del lavoro dei vari enti pubblici
che giad in molti altri paesi da sempre, permette di progettare
opere pubbliche tenendo conto anche delle necessita dell'ambiente
e della fauna selvatica: non dimentichiamo c¢he nell'Europa
Centro-Nord anche le strade e le autostrade vengono progettate
tenendo presenti le necessita degli spostamenti degli animali

selvatici, ma questo & certamente un altro argomento.
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